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Section 1 

INTRODUCTION 

-This report describes the effort concerning the Visible Infrared Spin- 
Scan Radiometer (VISSR) for a Synchronous Meteorological Spacecraft (SMS) 

through the contractual period ending 1 July 1 972,\ The work is being accom- 

t 

plished for the National Aeronautics and Space Administration, Goddard Space 
Flight Center, under Contract NAS 5-21139 and comprises delivery of an 
Engineering Model, Protoflight Model, and two Flight Models together with 
ancillary equipment. 

The VISSR preliminary design was accomplished under a separate con- 
tract (NAS 5-21088) and was reported in the Preliminary Design Review Re- 
port, dated 27 January 1970. The VISSR Second Quarterly Report, dated 
September 1970, contained data compiled for the Detailed Design Review con- 
ducted in November 1970. This report provides a recapitulation of design 
data for the Design Review tentatively scheduled for the latter part of August 
1972. . . 

• SUMMARY OF OBJECTIVES . 

VISSR operates as an integral part of a synchronous spin- stabilized 
geostationary satellite with an operational life of three years. 'VISSR provides 
both day and night mapping capability with a satellite subpoint resolution of 
'one-half mile in daylight and five miles at night. Cloud altitude is determined 
■by infrared radiometric measurement of cloud top temperature. VISSR instru- 
mentation provides a substantial improvement in resolution in the visible re- 
gion and extends measurement capabilities to the infrared region when com- 
pared to the previous smaller ATS Spin-Scan Cameras. 

A secondary design obje.-'.ve provides capability for future growth in 
the infrared region. The primary consideration in tnis area is for temperature 


SANTA BARBARA RESEARCH CENTER 


1-1 



SBRC 


profile measurements requiring kdditionad infrared channels with different 
spectral and field-of-view characteristics. 

Appendix D to this report delineates VISSR design objectives and param- 
eters, and provides required and expected values for each parameter. 

SYSTEM OPERATING CHARACTERISTICS 

The VISSR arrangement a.s Used In the synchronous spin-stabilized geo- 
stationary satellite is shown in Figure 1-1. As indicated in this figure, the ■ 
mapping raster is -formed by a combination of the satellite spin motion and a 
step action of the scanner optics. One raster line, corresponding. to .the earth's 
“west-east axis, is formed for each revolution of the spinning satellite (lOOrpm)’ 
and the scanner positions each- succes sive line in the, north-south axis. Each 
north-south axis scan step corresponds to the instrument's instantaneous geo-‘ 
metric field of view (IGFOV). This 0, 192-mr step corresponds to the thermal 
channel 5-mile resolution .when related to the satellite's Z2,'000 statute mile ' 
distance from the earth and considering there is a 1-mile overlap between 
successive scan lines. The one-half mile resolution in the visible region is 
obtained by using a linear array of eight detectors aligned so that they sweep 
out the bame scan line path." The IGFOV of each visible channel is 0. 025 X 
’0. 021 mr, allowing 20% underlap between detectors for fabrication considera- 
tions. The earth is covered in the north-south plane with successive latitude 
steps until 20° coverage is attained {±10° about the nominal radiometer optical ‘ 
axis). Following the normal frame, the scann,er retraces to the original start 
position at a rate approximately ten times faster than the normal step scan 
period. The VISSR instrumentation- permits the following four modes of scan- 
ning. 

1. Normal Frame - This covers the entire, earth with a ±10° frame, 
and consists of 1821 latitude steps in 18.2 minutes. It automatically 
retraces to the original start position. in I. 71 minutes to make a 
complete scan v ycle in 19. 93 minutes. Each normal frame is ini- 
tiated by -ground conuiiaiid. 

2. Variable Frame - belected frame sector and position within the nor- 
mal earth view are acquired by ground command. 
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20° We st - East • 
Earth Frame Scan 
(Spacecraft Spin) 


u 

I 

u. 

I 


□ □ 

/ 

Redundant Thermal. 

Thermal Channel 

Channel 0. 25 X 0. 25 mr 


T 

20° North-South 

East’^^^^^ Frame 
[■(1821 Scan 
[Mirror Steps in 
1 8. 2 Minute s) 



Eight Visible 
Channels 
0. 2 X 0. 025 mr 
(Each Channel 
0. 021 X 0. 025 mr) 


Detector Instantaneous Geometric 
Field' of View (IGFOV) 

(B) Picture Data Format (Not to Scale) 


Figure 1-1, VISSR/Spacecraft Spin-Scan Geometry and 
Picture Data Format Arrangement 
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Single - Line - Interruption of the scan step sequence at any selected 
north-south position makes a single -line scan. Scan position is 
determined by command' timing. 

4. Rapid Forward Scan - A rapid forward scan (ten times normal scan 
rate) is initiated by command to permit. rapid positioning of the 
scan to any selected position within the normal frame. 


SYSTEM DESCRIPTION 

The scanner assembly consists of a telescope and a separate electronics 
module. The telescope is a 1 6- inch diameter aperture optical system which 
includes an object- space scan mirror for accomplishing the step north-south 
scan. The assembly includes a radiation cooler and detectors with supporting 
electronics. It is approximately 60 inches long and 25. -5 inches in diameter, 
and weighs 143.4 pounds. 'The electronics module occupies approximately 450 
in. and weighs 13 pounds. . It contains the circuitry for interfacing the scan- 
ner electronics with the spacecraft electronics, and includes the circuitry 
necessary for conditioning the scanner signal channels and logic circuitry 
concerned with the scan drive and calibration sequence. The nominal elec- 
'trical power required by the radiometer, is 22 watts. 

The mechanical-optical layout of the telescope is shown in Figure 1-2. 
•Referring to this figure, radiation is received by the primary optics via the 
45° object-space scan mirror. It is an elliptically shaped plane mirror which 
is tilted about its minor axis to obtain the north- south scan steps. The mirror 
is servo-positioned using a torque motor drive together with a digital encoder 
for completing the servo loop. A redundant identical assembly is on the oppo- 
site side of the mirror. The servo electronics include the logic necessary to 
step position the mirror at 0. 096 -mr seeps (0. 192-mr optical steps) in the re- 
quired sequence to make the selected scan mode. 

Energy from the scan mirror .s collected by a Ritche, .\r ;en optical 
system. The l6-inch diameter opt.v? has a 114. 7-inch foca. length. The 
system includes a baffle that extenas from the primary rnirrot c.-trer section 
to minimize the .effects of scattered radiation. Energy in the vist'Ae region 


SANTA BARBARA RESEARCH CENTER 


1-4 




5BRC 


SBRC 


is detected at the prime focus using eight fiber -optics arranged at the focal 
plane to form the defining 0. 2X O’. 025 mr (field stop) linear array (each' fiber 
is 0. 02 5X0. '021 mr). ‘The other ends of the individual fibers are optically 
integrated -with the eight photomultiplier tubes'havi-ng the desired 0. 55- to 
0.- 75-micfon 'response. In addition, the prime focal plane is relayed to the 
radiation cooler cold plate using two germanium relay lenses.- The relay 
configuration also is used to increase the overall optical speed to f/1. 28 
relative to the thermal detectors. The 0. 005 x 0. 005 inch HgCdTe long -wave- 
length detector is mounted on the radiation cooler cold plate together with 
the identical redundant detector. An optical filter between the final relay 
lens and the detectors restricts the energy to the 10. 5- to 12. 6-rnicrbnf wave- 
length bandpass. 

A radiation cooler is used to cool the intrinsic long-wavelength detec- 
tors (HgCdTe) in the thermal channel to a nominal temperature of 90^-K,’ the 
controlled temperature value selected for optimum performance of the par- 

I ' ♦ 

ticular detector in the scanner. The cooler has actually demonstrated low- 
temperature performance to 81°K. It uses two cold stages plus an ambient 
shield. The outside shield is 18 inches in diameter. 


CALIBRATION 

Both the vi'sible and the tliermal channels use the' sun as one method of- 
inflight calibration. -Saturation of the thermal channel electronics when look- 

t 

ihg at -the sun is avoided by placing the preamplifier in a precision attenuate 
mode. The second section of the preamplifier is automatically attenuated by 
a 400 factor immediately when the sun is sensed by the first preamplifier sec- 
tion. It provides a calibration signal that is approximately 50% full scale. 
Operation is limited to approximately 25 days before and after both the vernal, 
and autumnal equinox. In the visible channels, the sun is viewed with a re- 
duced size "side-looKing" collecting prism. The size (approximately 10“^ 
of the aperture area) is made to provide a signal equivalent to a ’50% albedo 
calibration point. The prism is mounted so that its field of vie-vs' (FOV) leads 
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the normal FOV in the west-east plane by 15°. This avoids, the recovery 
problem following the primary. FOV look into, the sun. In addition, three fac- 
ets are on the prism that increase the effective north-south FOV from ±10° 
to ±26° to a ssure the sun is.scanned-within the normal scan displacement.-/" • 
This optical arrangement permits an inflight calibration of the visible chan- 
nels each frame every day of the year (except during solar eclipse). 

A second inflight calibration method of the thermal channel is provided 
using an ambient blackbody shutter arrangement actuated by command. The 
shutter, whose temperature is monitored, is placed in the -FOV near the 
filter.-detector assembly. Therefore, it does not detect possible gain changes 
•caused by the primary optical system. The calibration shutter operates by 

command, occurring only on the third scan line of the first full frame scan 
following the command. 

The inflight calibration sequence includes an electronic gain calibration. 
The method uses a precision staircase voltage waveform applied to each of 
the signal channel preamplifier inputs. The waveform is , automatically applied 
on the first and fourth scan lines of each full frame scan. 

The angular position of the radiometer's optical axis at the different 

timing' events occurring during the scan'- cycle is as follows: 

0‘° - Earth Center Look 

10'' - Earth Scan Ends 

35 ' - Scan Line Step Initiate 

330' (-30 ‘) - DC Restore Initiate 

348° (-12°) - DC Restore Complete 

350'' (-10’) - Earth Scan Begins 

[DC restore initiate is 304' (-56°) 
whenever the sun is located in the 
330' to o48 angular sector. ] 
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'systems ANALYSIS' 

DESIGN OBJECTIVE SPECIFICATIONS 

The design objective specification was initially written during the pre- 
liminary. design phase of the VISSR progr.am for the purpose of formalizing 
and detailing the VISSR design requirements. It was used as the basis for 
the detail design of the VISSR, 

The specification defines the overall VISSR (system) design require- 
ments necessary to accomplish, satisfactorymperational performance in the 
SMS application. In addition, the specifmation defines the requirements for 
the VISSR subassemblies. These subassembly requirements include: 1) the 

design approach to be taken, 2) the subassembly design parameter to be used, 
and 3) the special test and handling provisions to be incorporated. 

I 

Following the VISSR Detailed Design Review (held in November 1970),' 
the specification W'as released as a formal controlled document. The released 
document has been revised periodically to reflect the results of NASA change 
orders and directives, VISSR /SMS interface changes, VISSR test data inforr 
mation and analysis updating. The latest issue of the Visible Infrared Spin- 
Scan Radiometer (VISSR) Design Objective Specification SBRC No. 19100 is 
attached as Appendix D. 
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Thermal Channel Sensitivity 

Noise Equivalent Radiance (NEN) Calculations .. - For a scanning (non- 
chopping) radiometer using a detector whose noise equi’.'alent power (NEP; is 
specified for the electrical bandwidtn of the radiometer-— LEN o: :he 


radiometer (for an extended so-orce) can oe expressed r. : 

NEPfA , At j • V 

NEN = - ^ ^ ^ watt-cm’^-sterac 'C-1, 

where NEP (A,^, ^I'n^ noise equivalent power of the laciometer 

detector, in warts, when the detector has an area of A - cm^ and is 

Gl 

.operated in the effective noise bandwidth, Lf^ (Hz of the radiometer. 

y is the prean'.plifier and load resistor degradation factor which 

includes the effects of both preamplifier noise and signal loading, 

Aq is the effective entrance aperture area in cm.*^. 

Tq is the effective "transmission" factor of the radiometer optics 
and includes all mirrors, lenses, and filters, 

Q is the solid angle FOV of the radiometer in steraoians. 

Listed in the following are the parameter values of equation (2-1) used 
to compute the NEN value of the VISSR thermal channel. Also listed are the 
VISSR design parameters and conditions on which these values are based. 


NEP^^^ 



2. 0 X 10 


■10 


watts, based on 1) a detector area equal to 
1.7 X 10.'^ cm^ and 2 ) an effective electrical- bandwidth 
whose lower cutoff frequency is determined by using dc 
restoration every 600 msec with a restore loop time .con- 
stant of 30 msec and whose upper cutoff frequency is 
determined by a simple 2-pole filter having a -3db break 
frequency at 2 6 kHz. 


(D X f/# X 6)^ = 1.7 X 1 0 cm^. Based on: 1 ) an entrance 
aperture diam.eter D, of 1 6 inches (40.6 cm); 2- an 
effective f/# of 1. 29; and 3) ah IGFOV, S, 0. 25-n r squarej^^ 


The equivalent detector D=l' value, referenced to g-r noise, is i.4oX10^^ 


cm (Hz)^ /watt- for an assumed 1 noise break frequency at 2 kHz. 


( 2 ) • 


. Changed from 0. 2-mr square by NASA directive to achieve an improved 
NEAT. 
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Af. 


n 


y 

Aq 


T 


o 




= 50. 4 kHz. Based on: 1) an information bandwidth equal 

to 2 6 kHz 2) a low-pass filter rolling off at 12 db/octave; r 
3) use of dc restoration to set the low-frequency cutoff 
characteristics; 4) an information gathering periodj Tx = 

0. 07 sec; 5) a restore network time constant, - 0. 03 
sec; and 6) a detector 1 /f noise break frequency at 2 kHz. ' 

= 1.3. Based on breadboard tests of the type of preamplifier 
to be used in the VISSR thermal channel design and a detec- 
tor responsivity of 3. 6X10^ volts/watt. 

= (tt /4D^ X 0 . 84 ) = 1090 cm^. Based on: 1) an entrance aper-‘ 

ture diameter of 16 inches (40. 6 cm); and 2) a central' ob- ■ 
scuration of 16%. . 

= (Rm^ XTj.XTfXX^) = 0.43. Based on: . 1 } three reflecting 
mirror surfaces with a reflectivity R^ = 0;96 in the 10. 5- 
to 12. 6-micron band; 2) an optical relay system with an 
effective transmission = 0. 85; 3) an effective filter 
transmission of 0. 65; aiid 4) a first-stage cooler window 
transmission T(~ = 0. 88, 

= 6^ = 6, 25X 10*® steradian based on an IGFOV of 0, 25-mr 
square . 


Using the above parameter values in equation (2-1 ) yields an NEN for 
the VISSR thermal channel of: 


NEN(io. 5-12. 6} - 0. 89X 10 ® watt-cm*^-sterad"^ 


( 2 - 2 ) 


Temperature Resolution and S/N . - The noise equivalent temperature 
differential (NEAT) of a radiometer operating in the spectral band AA, and 
viewing a blackbody target scene at a temperature Tq. can be expressed as: 


where 


dN(AX) 

dT 


NEAT =-NEN 


dN(AX) 

dT 


-1 


(2-3) 


is the thermal derivative of the target scene radiance 
in the spectral band evaluated at the scene temperature 
T 

^ o‘ 


The radiometer S/N output can be expressed simply as 

S/N = N(AX)Tq:NEN]'^ 


(2-4) 


(3) 


Information bandwidth selection based on original 


IGFOV. 


(nominal) 0,2-mr square 
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The values of 


dT 


T 


and r\’(AA)ip for ._A - 10. = to i2. & microns are 


plotted in Figure 2-1 as a function of T. 


The expected NEAT and S/N values for the VISSR thermal channel are 
shown 'iri Figure. 2-2 as a function of target scene temperature for the NEX 
value calculated in equation (2-2i. 


It can be seen from Figure 2-2 that for a scene temperature of 200”^ 
and 300?K, the radiometer NEAT values'ar'e appr oxirriately 1.2'' and 0. 32^‘K, 
respectively, for an extended target! The S/N values at 200"K and 300'^K 
scene temperatures are appr oximately 2 5: 1 and 210:1, respectively. 

Visible Channel Sensitivity 

Effective Albedo Radiance . - The spectral distribution of the sun's 
energy outside the earth's atmosphere is shown in Figure 2-3. The effective 
radiance value in the VISSR visible channel for an albedo of 1 007o is obtained - 
by multiplying the values of Figure 2-3 with the spectral response of the 
VISSR visible channel, integrating the resulting product over wavelength and ■ 
then dividing by tt. Performing these calculations for the VISSR visible chan- 
nel spectral response shown m Figure 2-4 yields a radiance value of 

^(100% albedo) = 9. 4X 1 watt-cm-^-sterad"-^ (2-5) 

The effective irradiance at the VISSR aperture in the spectral band of a 
visible channel for an albedo of 0. 5% can be expressed as: 

^(0. 5% albedo) = 4. 7X10~^XQ watt/ cm^ (2-6) 

where is the solid angle FOV of a VISSR visible channel in steradians. 

For f2 = 5 X 10”^*^ steradians 

H =2. 35x10*^4 watt/cm^ 

Signal -to -Noise . - The S/N of a VISSR visible channel can be expressed 
as: 

■ /hat„ , ^ 

S/N ■ Jf (S, CT, h, k) . (2-7)(4) 

— ^ ^ ^ : 

This equation assumes that the noise from any amplifier following the PMT 
will not degrade the PMT S/N. This is true for the VISSR down to S/N 
values of approximately unity. 

SANTA BARBARA RESEARCH CENTER 


2-4 



SANTA BARBARA RESEARCH CENTER 




V 

O 

S 

iTl 

•3 

(4 


> 

o 


Ul 


o 

> 


> 

Q 


V 

u 

9 

fd 

o> 

a 

s 

H 


tv 

I 

tn 


I'igure 2-1. Effective Radiance N and dN/dT. 

as a Function of Target Temper- 
ature in the 10. 5- to.l2, 6- 
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Figure 2-2. VISSR Thermal Channel S/N and 
NEAT as a Function of Target 
Temperature, T 
(For an Extended 'i .irget) 
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Figure 2-3. Spectral Distribution of Sun's Energy Outside the Earth's 
Atmosphere (‘From the Handbook of Geophysics) ' 



Figure 2-4. Relative Spectral Sensitivityj Visible Channel 
Enhanced PMT plus Filter 
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where - H is the effective ir radiance at radiometer aperture (watt/cm^) 

A. is the collecting aperture of the radiometer (cm^) 

'T-q is the effective optical train efficiency 
•A'fj^ i5 the effective noise bandwidth (Hz) 

■F{S, a n, k) is the effective normalized detectivity of the PMT used 
in the channel, in (Hz/watt), and is a function of 1) the peak 
radiant sensitivity, S (amps /watt), of tne photocathode surface 
in the spectral hand of interest; 2} the gain, o, of each current 
amplifying stage of the PMT; ’3) the number of current amplifying 
stages; n, and the noise factor, k, for each stage. 

Listed in the following are the values for the parameters of equation 

(2-7) used to, compute the' S/N value of a VISSR visible channel for an albedo 

of 0. 5%. Also listed are the VISSR design parameters and conditions on 

which these values were based, 

■ H = 2. 35 X 1 0” ^ '^watt/cm^. [See equation (2-6). 

A = 1090 cm^. (See" Thermal Channel. ) 

- 0. 42. Based on: 1) three reflecting mirror 

surfaces with a reflectivity of R^ = 0. 87 in the 0, 55- to 
0. 75-micron band; 2) transmission of the visible channel aft 
optics of 0. 75; and 3) the visible channel filter transmission 
0. 85. 

Af^ = 258 kHzl Based on: 1 ) an information bandwidth equal to the 
reciprocal of twice the IGFOV dwell time, = 2. 4 x 10"^ 

sec; and 2) a low-pass filter rolling off at 12 db/octave. 

F(S, a n, k) = 1.5 X 10^"^ Hz/watt. ' (See SBRC Specification 18858 
and Figure 2-4. ) 

Using the above parameter values in equation (2-7) yields an S/N in a 
VISSR visible channel for an albedo of 0. 5% of 

^'^^(0, 5% albedo) ^ 

It should be noted that since the S/N only increases as the square root 
of the irradiance, the S/N for an albedo of 100% will be 

^^^(100% albedo) ^ 
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ATS-l Spin-Scan Camera S/N Comparison. - The S/N values for the 
ATS-1 Spin-Scan Camera (2-nmi circular IGFOV) were calculated for com- 
parison with the calculated VISSR S/N values (0. 5-nmi square IGFOV). The 
following parameters were used to calculate the S/N value for the ATS-l 
Spin-Scan Camera for a 0, 5% albedo. 

H = 2. 27X 1 0~ ^ 3 ^a^tt/cm^. Based on: 1 ) a 0. 1 -mr circular 

IGFOVj and 2) a 0.48- to 0.58-micron spectral band (from 
Spin-Scan Camera Final Report). 

Tq = O'. 6. Based on: 1) a PMT cathode responsivity of 66. SXIO"^ 

amp/watt and an effective system cathode responsivity of 
39. 8X 10“^ amp/watt at 0. 52 micron (from Spin-Scan 
Camera Final Report). 

Aq =104 cm^. Based on Spin-Scan Camera design 'data, 

Afj^ = 236 kHz. Based on a single-pole filter having a- 150-kHz 
cutoff frequency. 

F(S, a, n, k) = 1 . 5 X 1 0 ^ Hz /watt. Based on: 1 ) a PMT cathode re- 

. . . sponsivity of 66. 5X 10~3 amp/watt at 0. 52 micron, 2) a first' 

dynode stage gain of 4, 6, and 3) subsequent dynode gains of 
2.3 (from EMR PMT data). - ■- 

Using the above parameter values yields an S/N value for .the Spin-Scan 
Camera for an albedo of 0. 5% of 

S/N(o. 5% albedo) “ ® 

and for .an albedo of 100% 

' ' ^/^(100% albedo) = 


Spatial Resolution 

Sine Bar Pattern Scene . - The VISSR relative response,^ V(f), to .a 
sine bar pattern_ scene of a given spatial frequency can be expressed as follows 

V(f) = 0(f) X F(f)X E(f) ■ . . • ' (2-8)- 

where 0(f) is the relative frequency response of the radiometer optics 

F(f) is’the relative frequency response of the radiometer IGFOV 

(field stop) 

5 

Voltage output versus radiation input. 
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E(f). is the relative frequency response of the radiometer elec-’ 
tronics ’ • 

f is the frequency being considered expressed in the time 

domain in Hz. 


and the transformation. of frequency from the space domain (cycles /radian) 
to the time domain (Hz) is accornplished" by using the radiometer scan rate 
(radian/sec). • . . 


The diffraction pattern for the VISSR 16-inch aperture with 0. 4 obscura- 
±ion has been calculated by using the following equations. ^ ' 


I(P) = 


(1 - e^) 




ZJj (Kaw) _ (Kea(4 


12 


Kaw 


Kfaco 


(2-9) 


and 


where 


H 

a 

X 

€ 

K 


Hir ^ a ^ (1 - €-^)2 _1 

Iq = ^ ^ watts s ter ad 

^ * 

is the uniform irradiance upon the aperture in watts cm' 
is the entrance aperture r,adius in cm 
is the wavelength of the light in cm 

is the ratio of obscuration radius to aperture radius 

- ^JL 
■ X 


( 2 - 10 ) 


W - sin Q where 0 is the angular direction between any point P and 
the geometric image point 

J] = Bessel function of the first kind. 


This diffraction pattern has been convolved with itself along a line to 
determine the line spread function. The angular spread of the line spread 
function has been converted to the time domain by using the scan rate of 10. 45. 
radians per second. The resulting frequency response for a VISSR visible 
channel and the VISSR thermal channel is given in Figures 2-5 and 2-6. 


M. Born and E. Wolf, Principles of Optics, " Pergamon Press, New YorK, 

N. Y. (1959). 
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Figure 2-5. VLSSR Visible Channel. Sine Wave MTF 
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Figure 2 - 6 .. VISSR Thermal Channel Sine Wave MTF 
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The effects of aberrations in the VISSR thermal channel are relatively 
small compared to the channel IGFOV and can be neglected. However, aber- 
rations in the VISSR visible channels are significant cornpared to the IGFOVs 
and must be taken into account (see Optics). Tn determining the relative fre- 
-quency response of the VISSR visible . channel optics due to aberrations., the 
blur circle has been assumed to have an energy distribution which is cosine 
in shape. • 

The frequency response of a VISSR visible channel IGFOV and the VISSR 

s 1 x 1 X 

thermal channel IGFOV has been determined from a pattern converted to 

X 

the time domain. The results are shown in Figures 2-5 and 2-6. 

The electronic frequency response of the VISSR thermal and visible 
channels (including, the frequency response, of the PMTs) is also plotted in 
Figures 2-5 and 2-6 together with the expected spacecra|t electronic filter- 
ing, For the thermal channels, a 5-pole 26-kHz (at -3 db point) Butterworth 
•filter was a’Ssumed for the spacecraft. For the visible channels, a 5~pole, 

•,0. 1-db ripple, 2.10-kHz (at -3 db point) Chebyshev filter was assumed. 

The response curves shown in Figures 2-5 and 2-6 have been appropri- 
ately combined to show the resultant frequency response (MTF) for the VISSR ’ 
visible and thermal channels.- ’ . . . 

For a spatial frequency having, a period equal to t-wice the. dwell timp of 
the VISSR IGFOVs (visible channel = 2X 10^ cycles /radian; thermal chanheT-.,. ’ 
= 2 X lo3 cycles/radian), the MTFs for the VISSR visible and thermal channels 
are 0. 33 and 0. 50, respectively. 

Measured Square- Bar MTF . - An example of the square-bar optical' 
MTF measured for the engineering model VISSR visible and thermal channels 
is shown in Figures 2-7 and 2-8, respectively. The effects of the spacecraft' ' 
filter cutoff frequency characteristics (early design) on the VISSR visible. - 
channel are also shown in Figure 2-7. At a 900-rpm MTF. wheel rotation, 
the electrical frequencies generated (for the corresponding spatial frequencies, 
generated by the VISSR calibrator.) are sufficiently low so as not to be greatly 
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affected by the simulated' spacecraft filter (part of the VISSR Test Console). 

'At 6000>-rpm MTF wheel rotation, the proper electrical /spatial fre'quency 
relationship (for 100-rpm spacecraft spin rate) exists. 

The higher than expected square -bar optical MTF values for the "VISSP 
thermal channel at high spatial frequencies are dae .o r:.e fact that the ex- 
pected square-bar MTF-respon'se is based on a 0. 25-mr square ICFCV, 
wherea’s the actual thermal channel IGFOV in the engineering rnodel VISSR 
is approximately 0. 20-mr square. 

Blur Circle Effect on MTF/Ground Resolution . - An analysis was con- 
ducted to determine the change in VISSR MT.F as the VISSR optical blur circle 
size increased above the minimum size attainable under optimum focus con- 
ditions. 

The purpose for conducting the analysis was to provide the necessary 
technical information on which a decision could be based for establishing the 
maximum defocusing that could- be tolerated before refocusing would become 
necessary. 

The IGFOV assumed for the VISSR visible channels was the-nominal 
25 pr (0. 5-nmi ground resolution). For the thermal channel, the nominal ' ' ■ 
260-pr IGFOV (5-nmi ground resolution) was assumed. ' • . ; 

The spacecraft electrical filtering assumed for the analysis was a 5-pole 
0. 1-db ripple, 210-kHz (at -3 db point) Chebyshev filter for the VISSR visible 
channels and a 5-pole, 26-kHz (at -3 db point) Butte rworth filter for the VISSR 
thermal channels. Also included in the analysis was the expected electrical' 
characteristics of the VISSR electronics. 

The results of the analysis are summarized in Figures 2-9 and 2'-10; 
which show the sine wave MTF of the VISSR visible and thermal’ channels, 
respectively, for several increases in blur circle size above optimum focus 
condition. The optimum focus condition includes the effects of diffraction and 
an expected, uncorrectable 2 0-pr diameter blur circle,-- 
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As would be' expected (and shown in Figures 2-9 and 2-10), the relative 
change in MTF for a given change in blur circle size is significantly greater 
for the visible channels compared to the thermal channels. 

If'the value of MTF at 20, 000 cycles /radian (0.5-nmi ground half-period) 
at optimum focus condition is used as the basis for evaluating the effects of 
blur circle size of the VISSR visible channels (see Figure 2-9), then it can be 
seen that for a blur circle diameter increase of approximately 35 pr, a de- 
crease in ground resolution of 10% (to 0, 55 nmi) .results. Similarly", for a 
blur circle diameter increase of approximately 45 pr, a decrease in ground 
resolution of 20 % (to 0 . 6 nmi) results. 

For the VISSR thermal channels (see Figure 27 IO) a blur, circle increase 
of 200 pr can be tolerated with less than a 10 %'decrease in ground resolution, 

- SUN EXPOSURE ANALYSIS 

Effects of Sun Exposure on the VISSR Photomultiplier Tubes 

Cathode Radiant Power Density . - The cathode radiant power density 
expected to impinge on a VISSR PMT photocathode surface wh en th e sun is 
in the FOV of the .ViSSR can be expressed as: 

PDc = Ns ■ Ao- n. K(AX) . To/Ac ' (2-11) 

where Ns is the solar radiance value = 2 . 03X 10 ^ watts /cm^ /steradian 

Aq is the effective collecting aperture of the VISSR = 1090 cm^ 

Q is the instantaneous geornetric FOV of a VISSR visible channel 
= 5 X 10 “ 10 steradian 

K(AX)is the fractional amount of sun radiance in the spectral band . 
of interest = 0. 68 . The value of 0. 68 takes into account the ‘ 
fact that from radiance transmission consideration the Upper 
wavelength cutoff of the visible channel is set by the visible 
channel's (glass) aft optics and not the photocathode respon- 
sivity which sets the upper wavelength spectral r espons"e of 
the visible channel. 

Tq is the effective visible channel transmission up to the visible 
channel photocathode surface = 0. 55 
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Aq is the effective area of the photocathode surface over which 
the collected solar radiation is spread (''first bounce” area 
•when PMT enhancement is used) = 3. 10”^ cm^. 

Using the above values in equation (2-11) yields: 

PD^ = 1. 39x10“^ watts/cm^ , (2-12 

This value is approximately 0, 1 the value of 'direct sunlight (0. 14 watt/cr-/j. 

In addition, the radiant power is lacking .in UV content due to the lower wave- 
length cutoff. (0. 55 micron) ‘of the VISSR visible channel filter. 

The low level of radiant, power density on the photocathode surface en- 
sures against any significant heating or the creation of hot spots. Therefore, 
no degradation of the PMT is expected-due to the heating effects of direct 
solar radiation. 

. ' PMT manufacturers state generally that when a nonpowered PMT; is, . . 
exposed to a relatively high level of radiation, particularly when the radia-i‘' . 
tion is high in UV content, a temporary increase in tube dark noise will re- 
sult when the PMT is subsequently operated. The length of time the dark 
.noise persists is dependent on the magnitude and length of exposure'.' For •' 
the VISSR PMTsj the above normal dark noise would persist for approximately 
24 hours following full exposure to direct sunlight (when nonpowered) for an 
extended period of time. For the lower level of radiation that will actually 
be experienced by the VISSR, particularly since the radiation will be void of 
UV content, no noise problem is expe.cted to exist. 

Cathode Current Density. - When PMT enhancement is used to improve 
the photocathode’ responsivity of a PMT, the area of the photocathode surface 
receiving the "first bounce" of the collected radiation will have the highest 
. photocathode current density. The current density increase- factor (due to 
■ using enhancement) will be approximately 1.5,*^ Therefore, the maximum 


7 

J. B. Oke and R. E. Shield, "A Practical Multiple Reflection Technique for 
Improving the Quantum Efficiency of Photomultiplier Tubes, ". Applied 
Optics 1, 617 (1968). 
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photocathode current density expected for a VISSR PMT when the sun is in 
the FOV of the VISSR can be expressed as: 

IDc = 1. 5 PDc (eff) -R ' .(2-13) 

I 

where PD^ (eff) is the effective radiant power density at the photocathode' 

surface in the spectral (responsivity ) band of interest 
(0. 55 to 0. 75jji) = 4. 55X 10“3 watt/cm^ 

R is the effective average (non-enhanced) responsivity of the 

PMT photocathode in the spectral band of intere-st = 3. 5X 
10“^ amp /watt 

Using the above values in equation' (2-13) yields: 

IDc = 2.4X 10-^ amp/cm^ (2-14)- 

This value exceeds the maximum lirnit value specified by EMR, lO'^ amp/ 
cm^ (specified as being conservative) for the average cathode current density 
(averaged over seconds). Therefore, the VISSjR PMTs should not be operated 
(powered) when the sun. might be in the FOV of the VISSR for more than just a. 
. short period of time. 

When the SMS is operating in a spin- stabilized mode* at a nominal 100 
• rpm, the duty cycle of the VISSR FOV crossing the sun is 1.53X 10"^ (maxi- 
■ mum when crossing a 0. 55° sun diameter). Therefore, the average cathode 
current density will be.: ’ 

IDc(ave) = 2. 4X lO""^ X 1 . 53 X 10"3 

= 3. 7 X 1 0""^ amps/cm^ • ' (2-15) 

.which is below the (conservative) maximum limit value specified by EMR by 
a safety factor of 2. 7. 

Anode Current Density . - For an average PMT photocathode enhance- 
. ment value of 2, the total cathode current expected for a VISSR PMT when 
the sun is in the FOV of the VISSR will be: 

I^(peak) = 2. 9 X. l-O.T.^ amp (2-16) 
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When the SMS is in a spin stabilized mode the average cathode current 
will be : . ' . • - ■ ; ; 

• Ij-(ave) = 4.4X 10“® amp (2-17) 

For a-VISSR PMT gain of 1 X 10"^, the peak and average values of PMT’ 
anode current will be: ■ • • - . 

la(peak) = 2.9X10"^ amp (2-18) 

la(ave) = 4. 4xl0''^amp (2-19) 

The values of la(peak) and la(ave) shown assume no currentTimiting in 
the PMT circuitry. W ithout" cur rent limiting the values of Ia(peakl and la(ave) 
will exceed the maximum limit values specified by the PMT manufacturer. ^ 
For this reason, PMT anode current limiting of (short duration, pulse) sig- 
nals above those produced by the maximum scene albedo has been incorporated 
in the VISSR PMT circuit design. ' 

.Tests conducted on a PMT with the anode current liniiting circuit shows 
that after the application of 50 sun amplitude pulses of 1 to 2 msec duration, 
which are applied at a rate of 1 per 600 msec, the decrease in PMT gain 
immediately after the 50th pulse is applied is approximately 2. 5%. Recovery 
of the PMT to within 1 % of the pre-exposure tube gain occurs approximately 
2. 5 minutes after exposure to the las't '.’s‘un" pulse and to within less than 
0, 5% of the pre-exposure gain after approximately 8 minutes. 

Since the maiximum width of the sun pulse "seen" by the VISSR channels 
during a line- scan will be approximately 0, 9 msec (at 0. 55^ sun diameter), ‘ 
the maximum gain change after scanning the sun during a normal full-frame, 
mode of operation is expected to be less than the above measured value. 


From stability considerations the PMTs will be operated at a current gain 
which is only high enough to ensure that the remaining channel gain required. • 
can be achieved with a dc amplifier. 

Specified as 1 X lO"-^ amp and 1 X 10~° amp, respectively, .by EMR.for the 
541 E. 
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Temperature Effects of Imaged Solar Radiation in the VISSR Scanner 

During the process of maneuvering the SMS to achieve proper orientation 
and stabilization in orbits the VISSR optical aperture may inadvertently be 
pointed directly toward the sun. When the optical axis of the VISSR is aligned 
closely with the sun, the collected solar radiation is concentrated ("imaged") 
onto small areas of the radio.meter. The high radiation flux densities imping- 
ing on and being absorbed by these areas can quickly give rise to localized 
hot-spots. In addition, although localized hot-spots are -not as severe for 
large off-axis angles, the continuous -sun -input into the VISSR aperture can 
result in an average' over -temperature condition of the scanner. 

The effects of solar heating of the VISSR for a non-spinning spacecraft 
and for a spinning spacecraft rotating at a constant 4-rpm rate about the’ Z- 
axis of the spacecraft were investigated. The following conclusions were 
reached based on the results of the investigation: 

1. To assure that the average scanner temperature will not exceed 
45° C for the non- spinning case, the VISSR should not be oriented 
with the sun closer than 55° to the VISSR optical axis. 

2. No VISSR temperature problems are expected to be encountered for 
spacecraft spin rates as low as- 4 rpm., 

SCAN DISTORTION ANALYSIS 

It is desired from data reduction and data analysis considerations to 
achieve a VISSR scan frame which is essentially distortion-free. A perfectly 
aligned scan frame consisting of 1821 thermal lines of 0. 25-mr width^® is 
shown, in Figure 2-11. At each scan step position of the scan mirror, eight 
visible lines are scanned in addition to each thermal line. With a rotation 
rate of 100 rpm, one line of the 20° square frame is scanned in approximately 


With a nominal 0.- 192-mr scan step, approximately a 25% overlap will 
occur between- adjacent thermal channel scan lines. For the visible chan- 
nels, approximately a 20% overlap will occur between end channels (of the 
channel array) each scan step. Visible channels within the channel array 
will have approximately a 20% underlap due to cladding of the fiber optics. 
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^ 33. 3 msec Scan 



33.3 msec. For a perfectly aligned scan frame, an undistorted one-for-one 
correspondence will- exist between each mosaic element in the scan frame 
facsimile and each element in the Z0°X20° frame of the earth as seen from 
synchronous orbit. 

As a result of 1) optical alignment errors in the VISSR, Z) axial mis- 
alignment between the VISSR and the SMS, and 3) misalignment between the 
SMS spin axis and the earth north- south center line, a certain amount of scan 
distortion is expected to exist in the VISSR data frame. The following Is a 
summary of an analysis conducted to determine the type and magnitude of 
data frame distortion that is expected will exist due to optical alignment 
errors in the VISSR. Also presented is the type of scan distortion that .will 
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result due to VISSR /SMS misalignment and misalignment between the SMS 
land the earth north- south center line. 

Detector Element Mounting Misalignments 

Figures E-12 and 2-13 show distortions caused by mounting misalign- 
ment .of the visible and thermal channel elementSj respectively. , The visible 
channel linear array is shown rotated about the reference axis through an 
angle., which is estimated to be 22 mr. The resulting distortion is 
0.42 ^isec {1/6 of a dwell time) of time delay between the extreme elements'^ 
of a single, array. The small 0. 3% underlap effect that results will tend to' 
reduce (though only slightly) the nominal 20% overlap that exists between - ’ - 
successive scans. 

All VISSR alignment measurements will be referenced to the center of 
the visible channel array; therefore, no horizontal or vertical displacement 
errors will exist for the visible channel as such. 

The thermal channel elements will be initially aligned with respect; to' 
the visible channel array (in the north-south d.irection) to within ±0. 050 mrl ’ ■ 
The subsequent shift in alignment due to environmental testing and/or the 

launch environment has not yet fully been determined. The relative shift in 

* ^ 

alignment measured on the engineering model VISSR following vibration and 

. acceleration exposure was found to be approximately 0. 2 mr in both the north- 
south and east-west alignment directions. Although the exact cause of the 
alignment shift was not determined, the pinning and b.onding of all elements 
found to be possible suspects in causing the shift (during an investigation, of 
the shift anomaly) was incorporated in the prototype VISSR design. 

The diffraction effects in the thermal channel will tend to circularize 
the square FOV. For this reason, small rotational errors in the thermal- -- 
•channel detector alignment will have essentially no effect on data frame 
distortion. . 


The value measured on the engineering model VJSSR v.as 2C mr. 
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Step-Scan Axis Misalignment 

Figure 2-14 depicts the distortion from angular misalignment of the 
scan mirror step- scan axis, The resulting frame is skewed to the right 

or left depending on the direction of axis rotation. The value of is esti- 
mated to be 1. 28 mr, hence. the accumulated, error over one complete frame 
is 43 psecor approximately two thermal dwell times out of 182,1. 

VISSR/S'MS Misalignment ' 

Figure 2-15 shows the type of data frame distortion that will result 
from, a pitch — ®p^ yaw _ 9y, and a roll — 6^. misalignment between the VISSR 
optical axis and the SMS spin axis. The. contribution to 0p, 9^, and 6^ due 
to measurement uncertainty in the VISSR alignment reference surface is ex- 
pected to be 0. 01 mr. The alignment uncertainty in mounting the VISSR to 
the SMS must be added to this value. 


SMS Spin Axis Misalignment 

■ If the SMS' spin axis is misaligned in space (from the earth north- south 
center line) then the data frame will be distorted as shown in Figure 2-16. 

The effect of axis tilt abbut two mutually perpendicular axes, i and j, is 
shown in the figure. Part A shows a vertical displacement of the frame which 
is equal to just the angle of tilt about the j-axis. Part B shows how an angu- 
lar displacement about the i-axis results in a corresponding angular rotation 
of the data frame. A data frame for which both angles of tilt are considered 
is shown in Part C. 


Nutation of the SMS Spin Axis 

Figure 2-17 shows the type of data frame distortion that will result 
when a nutation of the SMS spin axis exists and has a period which is less 
than the frame period. 
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VISSR/SMS ELECTRICALr INTERFACE CHARACTERISTiCS 

♦ 

■ Appendix E contains information on VISSR/SMS electrical interface 
characteristics. All of the electrical interconnect functions between VISSR' 
and SMS are listed. The tabulation is arranged by connector designation and 
includes detector type and number, and. pin number assignment for' each inter 
face function. Source and load characteristics together with the appropriate 
ground reference designation is included „fo.r each interface 'function. 


SCAN MIRROR STEP-SCAN OPERATION 

The following is an updated description of the method of scan mirror 
step-scan operation used in the VISSR scanner. The description reflects the 
current VISSR design and includes detail descriptions of and/or requirements 
for the following: ■ • . 

1. The four modes of step-scan operation and how they are initiated. 

Z. Timing events and waveforms associated with the VISSR: 

a. Scan mirror step timing signals ’ ' 

b. DC restoration timing signal 

c. Inflight electronics and blackbody calibration. 

3. Mechanical scan mirror travel limits and method of scan mirror 
, stowage during launch. 

Scan Mirror Drive - Primary Scan Drive 

The purpose of the scan mirror drive is to rotate'the scan mirror in 
steps of 0. 09587 mr^^ (19. 775 arc seconds) to perform scanning and retrace 
motion in accordance with the VISSR step-scan mode commands. The four 
scan modes of operation are: 

1. Single full -frarne (20°, 1821 scan lines) ■ 

2. Variable frame height 

3. Single-line frame height 

4. ' Rapid forward scan stepping rate. 

This value is approximately 4% less than the desired nominal "value of 0. 1 
, mr; however, it permits a standard digital shaft encoder disc to be used 
for step- scan position control. 
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The scan mirror drive operates basically as a torque motor servo sys"-; ‘ 
tern. The register output of a 12-bit counter serves as the input signSLl'to the- 
servo loop with the output of a digital shaft angle position encoder (which is 
attached to the scan mirror) acting as the servo-loop feedback signal, A ■ 
least significant bit of the shaft encoder output corresponds to 0. 09587 mr. 
Therefore, each time the 12-bit counter. is changed by one coxint, the scan- 
mirror is rotated 0. 09587 mr. , ' 

Single Ftill-Frame . - In the single full-frame mode of- operation of the 
primary scan drive C20° frame height)', the 12-bit counter is advanced from/ 
_91 q(^^) counts to +910^^^^ counts (forward scan direction), and then back to 
-910 counts (retrace) where'the counter is stopped. In the forward scan 
direction, the counter register is advanced one count each .spin cycle of the 
. spacecraft. The timing signal initiating the one- count advance of the counter 
register is provided by the spacecraft and is timed to occur when the VISSR's 
IGFOV is pointing 35° ± 5° from the north- south earth centerline and moving 
away from the earth (i. e. , post-earth scan position). In the retrace (step- 
scan) operation, the counter is made to count back to -910 by a spacecraft- 
supplied timing signal (square wave) which has a repetition rate equal to 
10. 667 times the spacecraft spin rate. Therefore, the retrace time is ap- 
proximately 0, 1 of the forward frame time. 

A block diagram of the primary scan mirror drive logic is shown in 
Figure 2-18. With the mirror positioned at scan line No. 1 (counter register 


The encoder shaft angle position information is also supplied as a teleme- 
try output and for use in scan line serialization by the spacecraft. 

14 ■ 

This results in a VISSR IGFOV rotation-'of 0. 19174 mr ('^O. 2 mr) due to 
angle doubling. 

15 

-910 and +910 are the nominal encoder digital line numbers at the top and 
bottom of full frame. In actual practice, the top and bottom of frame en- 
coder line numbers will be different and are selected such that the 45° 

• position of the VISSR scan mirror will occur within one scan line -of the 
center of the full frame. 
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number -910), the full-frame mode of, operation is initiated by setting ON/OFF 
Flip-Flop (OOFF) in the ON state. This accomplished by issuing a Step-Scan 
ON Command to OR gate No. 1. With OOFF in the. ON state, AND gate No, 1 
is enabled permitting scan mirror step timing pulses to advance the 12-bit 
counter from— 910 Counts (scan line No. 1) to +910 counts (scan line No. 1821). 
When +910 counts is reached (or greater than +910 counts is indicated) Digital 
Comparator (DC) No. 1 sets the FWD/REV Flip-Flpp (FRFF) so that the 12- 
bit counter counts -back to -910 counts using the Rapid Scan Mirror Step Timing. 
Signal. When -910 counts is reached (or less than -910 counts is indicated), 

DC No. 2 sets FRFF so that OOFF is set in the OFF state.' With OOFF in the 
OFF state AND gate No. 1 is disabled and the scan mirror step timing, signals 
are prevented from reaching the 12-bit counter, therefore leaving the counter'., 
at -910 counts (scan line No. 1). 

Variable Frame Height . - In addition to the single full-frame, step- scan 
mode of operation, the scan mirror can be operated in a variable frame height 
mode. At any time during the forward or retrace scan- step motion, the state 
of the FWD/REV Flip-Flop (see Figure 2-18) can be reversed by execution of 
a mirror Scan Step Direction REVERSE Command, thereby reversing the 
mirror step-scan direction. The scan mirror will continue' stepping in the - 
reversed direction (at the stepping' frequency associated with that direction.) . 
until either another REVERSE .corhmand is received, or until the 12 -bit counter 
reaches either -910 or +910 counts. When +910 counts -(scan line No. 182i}‘is 
reached, the scan direction is reversed. When -910 counts (scan line No, 1) 
is reached, the stop scan motion is stopped. Therefore, by use of the RE- 
VERSE command, programming of a variable frame height can be accom- 
plished from the ground. The size of the frame and its location (within the 
nominal 20^ frame limits) is determined by the timing sequence established 
for the execution of the REVERSE commands, ... 

At the completion of the variable height mode of operation, the remain- 
ing part of the full frame will be scanned and the scan mirror returned to 
, scan line No. 1. 
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Single "Line Frame Height . - The scan mirror drive can be placed in a 

single-line frame-height mode by interrupting the scan mirror step timing 

. signals from the spacecraft. This is accomplished by issuing a Step Scan 

OFF .Command to OR gate No. 2 (see Figure 2-18) which in turn places ON/. 

OFF Flip-Flop (OOFF) in the OFF state. With OOFF in the OFF state, AND 

■ gate No. 1 is disabled/ "thus preventing scan mirror step timing signals from 

reaching and advancing the 12-bit- counter. Therefore, the same elevation • 

line'will be repeatedly' scanned each spin cycle of the spacecraft.' The scan 
• * * ' • 
mirror drive can be placed in the single-line frame-height mode when the 

.scan- mirror drive -is stepping in either the forward or retrace direction. 

Step scan motion is reinitiated by issuing a Step Scan ON Command to 
OR gate No. 1 which in turn places OOFF in the ON state. With OOFF in the 
ON state, AND gate No. 1 is enabled and scan mirror step timing signals are 
permitted to reach the 12 -bit counter. 

■ Rapid. Forward Scan .' - When scanning in the forward direction, the 
-scan mirror step-scan drive can be made to advance at a rate equal to the 
retrace rate (10. 067 times the normal stepping rate). This is accomplished 
by issuing a Forward Scan RAPID Command to Logic Latch No. 1 (see Fig- - 
ure 2-18) which in turn permits Rapid Scan Mirror Step timing signals to 
reach the 12-bit counter through AND gate No. -1. The forward step-scan 
can be returned to a normal rate by issuing a Forward' Scan NORMAL Com- 
mand to Logic Latch No. 1. •' 

Turn-On Initialization. - Turn-on initialization circuits are included in 
the VISSR scan logic design to assure that the scan drive logic will always - 
come on in a known state at power turn-on. At power turn-on, the VISSR 
scan drive circuitry will be in the following logic states. ' 

1. The 12 -bit counter will be set at 000 counts. 

2. Step -scan logic will be in the ON mode. 

3. The FWD/REV Flip-Flop will be set to allow rapid scan mirror, 
step timing signals to advance the 12-bif counter in the positive' 
direction. 
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Under these initializing conditions and the scan mirror position (digital 
encoder output) not at line 000, the scan mirror will be slewed (at approxi- 
mately 20 times the normal stepping rate) to position 000. It should be noted' 
(see Figure 2-18) that until the scan mirror arri'ves at position 000, no step 
timing signals are permitted to reach (and ad'vance) the 12 -bit counter since 
Digital Comparator No. 3 will not be TRUE and therefore AND gate No. 1 is. 
disabled. When scan mirror position 000 is reached, AND gate No-. 1 is en- 
abled and rapid step timing signals are permitted to advance the 12 -bit counter 
in the positive direction (forward direction for the primary scan drive). When 
'the bottom of the frame is reached, the normal retrace motion (to the top of 
the frame) is initiated. 

.Scan Mirror Drive'- Redundant Scan Drive 

'The operation of the redundant scan drive is the same as the primary 
scan drive described with the following exceptions: 

1. All of the redundant scan drive "line number polarity" logic is 
reversed (from the primary scan drive) to appropriately account 
for the fact that the redundant encoder (nominal) digital line num- 

- • ber at the top of a "VISSR frame is 4-910 and the (nominal) digital 
line number at the bottom of the frame is -910. 

2. Following slewing of the VISSR scan mirror to encoder digital line 
number 000 after turn-on (i. e. , initialization), the. scan mirror is 
stepped in increasing (positive) encoder digital line numbers (at 

.10. 667 times the spacecraft spin rate) directly to the top of the 
full frame where the stepping motion is then stopped. 

Timing Event's 'and Waveforms 

Scan Mirror Step . - As indicated in the above description of the-scan 
mirror drive operation, the step- scan motion of the scan mirror is initiated 
by two scan mirror step-timing signals supplied from the spacecraft. These • 
are the Normal Scan Mirror Step timing signal and the Rapid Scan Mirror 
Step timing signal. The Normal Scan Mirror Step timing signal is required 
to occur 35° ± 5° after the "VISSR 'IGFOV has passed the north- south earth ■- 
centerline. The required amplitude and temporal characteristics of this •• 
signal are: 


2 -.35 ■ 
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1. Amplitude 4. 3 ± 0. 75 vdc 

2. Duration 1 . 7 ± 0. 8 msec . , 

3. Rise Time ^0. 1 msec 

The Rapid Scan Mirror Step timing signal is required to be a 4. 3 ± 0. 75 volt 
square wave having a frequency equal to 10. 667 times the spacecraft spin 
rate. 

DC Restoration . - DC restoration^^ of the VISSR's thermal cha-nnel(s) 
is timed to occur’ each spin cycle of the spacecraft just prior to the time the 
VISSR's IGFOV scans the earth. The period of dc restoration is 28. 5 ± 1.5 
msec. 

DC restoration is initiated by the dc restore timing signal supplied by 
the spacecraft. The dc restore signal is required to occur once each spin 
cycle of the spacecraft when the VISSR's IFOV is located at the following 
angular positions: 

1. 30° ± 1° prior to the north- south earth ..centerline, except when 

, the sun is located in an angular sector defined by lines-of-sight, 

as viewed from the spacecraft, which are 5° and 32° forward of 
the north-south earth centerline. 

2. 56° ± 1° prior to the north-south earth centerline whenever the 
sun is located in .the 5° to 32° angular sector. 

. The required amplitude and temporal characteristics of the dc restore 
.timing signal are the same as those required for the Normal Scan Mirror Step 
timing signal. . 

Inflight Electronics and Slackbody Calibration . - During the first and 
fourth scan lines following the start of each single full-frame scan, the channel 
electronics of the VISSR's visible and thermal channels are calibrated. 

The electronic calibration event consists of a repetitive calibration sig- 
nal,- ■ The format for each calibration signal (referenced to the channel output) 
is a 0- to 5-volt dc staircase increasing 1, 0 ± 0. 02 volt/step. Th.e width of 


Zeroing of the channel output when space is vie-wed. - 
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each step is 1.5 msec. Therefore, a total of 1 6 calibration staircases occurs 
during the nominal 144-msec electronic calibration period. 

From reliability considerations, a decision was made to provide for a 
disconnect' ’Capability of the VISSR stairstep signal by command. This is 
accomplished without the addition of additional commands by utilizing the 
thermal channel focus Forward and Reverse Commands. A Thermal Channel ' 
Fwd Cominand w.ill also disconnect the s'taiprcase circuitry from the VISSR 
■ preamplifiers and a Thermal Channel Rev Command will reconnect the stair^ 
case’ circuitry to the VISSR preamplifiers. 

A thermal (radiation) check-of-calibration can be performed on the 
VISSR thermal channels by ground command. This is accomplished by plac- 
ing an opaque ambient temperature blackbody shutter (whose temperature is 
monitored) in the optical train of the VISSR thermal channels ahead of the 
thermal channel relay optics. The shutter is programmed to move into the 
calibration position during the third scan line following the start of a single 
full-frame scan, provided a VISSR Internal Calibrate ON Command has been 
executed prior to the start of the full-frame scan. Unlike the electronic cal- 
ibration which automatically occurs on the first and fourth scan lines of each 
full-frame scan, the thermal channel radiative check-of-calibration requires 
that a VISSR Internal Calibrate ON' Command be executed each time a calibra- 
tion is desired. 

The start of the electronic and blackbody calibration events is programmed 
to occur at the end of the dc restoration period and timed to last for 144 msec. 
Therefore, the calibration events occur during the earth data scan period (ZO'^) 
and for a minimum angle of 20° following the earth data scan period. 

In the execution of the internal radiometric check-of-calibration event, 
the maximum time required to place the blackbody calibration shutter into the 
optical path of the thermal channel (following the end of dc restoration) is 
30 msec. ' . 



Provided the last thermal channel focus command sent was a'Reverse Com- 
mand. 
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Timing and Waveform Summary . - The timing events and waveforms 
associated with the VISSR step-scan operation and internal calibration are 
diagrammatically summarized in Figure 2-19. 

Mechanical Scan Limits 

Mechanical scan limits are incorporated in the scan mirror drive as- 
sembly to assure that over the restricted angular travel limits. of the scan 
mirror .one, and 'only one , '.angular position exists for every 12-bit word out- 
put from the digital shaft encoder. This arrangement permits the use of a 
12-bit (rather than higher order) counter, since unambiguous angular read- 
out over 360 with a. 19. 775 arc-second resolution requires a l6-bit word. 

The mechanical scan limits are set at 2-1/2° ± 1/2° beyond the nominal 
10° scan mirror travel range required to produce the 20° frame height. The 
mechanical scan limiting is physically accomplished by restricting the travel 
range of the scan mirror inertia balance 'arms by the use of mechanical stops. 

Launch Mode Stowage. - During launch, the scan mirror is stowed 
a.gaihst the mechanical scan limit which restricts the scan mirror in its 
farthest "down'.' direction of travel. The scan mirror is driven to this posi- 
tion whenever all of the following conditions are met: 

1. +29 volt spacecraft power is supplied to the VISSR. 

2. The VISSR primary and redundant power supplies have been com- 
manded OFF. 

3. The Scan Mirror LATCH Command has been executed. 

When the VISSR primary power supply is in the OFF position and the 
Scan Mirror LATCH Command has been executed, a fraction of the +2 9 volt 
spacecraft power is applied directly to the coils of the primary scan drive 
motor causing the motor to drive the scan mirror, in an open--loop mode, in 
the "down" direction into the mechanical scan limit. 

It is necessary that the VISSR redundant power supply be placed in the 
OFF position to assure that the scan mirror stow drive is not opposed by the 
normal scan mirror operation (which would nominally "overpower" the stow 
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Figure 2-19. Summary of Timing Events and Waveform 
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drive). During the actual launch, it is assumed that both the VISSR primary 
and redundant power supplies -will be in the OFF position. ' . ■ “ 

The maximum torque available from the torque motor that could be 
used.to hold the scan mirror against the mechanical limits is approxirriately 
40 in.-oz. However, the torque required to hold the scan mirror against the 
mechanical limits under worst- case conditions during launch was calculated 
to be 150 in.-oz. Therefore, an additional holding force is required during • 
laimch. This is accomplished by the use of^an active magnetic latch which 

. ' - , ♦«v 

can supply a large holding force for -a Srhall power input once the magnetic 
latch pole pieces are brought into close proximity. The magnetic latch pole 
pieces are located on the "down" mechanical stops and the scan mirror' inertia 
balance arms. The magnetic latch is activated by placing the VISSR scan 
mirror Stow command relay in the LATCH position. 

Torque motor power is interrupted when the scan mirror is in the stow 
position to minimize the power required by the radiometer during launch, A 
microswitch located near the end of the open-loop scan mirror travel accom- 
plishes this purpose. The microswitch is located so that it is depressed 
(removing torque motor power) only after the magnetic latch pole-pieces- are ' 
close enough to pull the scan mirror into its final stow position. This arrange- 
ment also assures that the scan_mirror will always be returned to its stow - • 
position during launch in case a momentary interruption of the'electrical 
power to the magnetic latch should occur simultaneously with the generation 
of a torque moment on the scan mirror (due to motion of the spacecraft), 
which rhoves the scan mirror from its stow position. 
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During the normal operation of the VISSR /SMS syste'm, VISSR video 
data will be limited to those signals generated during the 20° spin angle time 
period which is centered with respect to the north-south axis of the earth 
(when wide-band tr'ansmis sion from the spacecraft is programmed to occur). 
For this reason, a radiometric check-of-calibration of the VISSR's visible 
and thermal- channels against the sun can only be accomplished during certain 
time ’ps^i-ohs of the day. 

In addition, since the north- south limits of the relative sun position to 
the earth exceeds the 20° north-south full-frame of the VISSR, a check-of- 
calibration of the VISSR's thermal channels' will, in addition, also be limited 
to certain times of the year. '• - < 

Figure 2-20 summarizes the time periods during which a VISSR radi- 
ometric check-of-calibration against the sun can be performed. 

The calibration time period limits in the "east-west" direction are in 

I 

time-of-day. The time period limits in the north-south direction are in day- 
of-year. 

For the thermal channel calibration, proper timing of the start of a 
frame will be required to assure that the sun is scanned -when it is located 
in the time area shown. 
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Check-of-Calibration Periods 
Against the Sun 


Figure 2-20. Time Periods During Which a VISSR 
Radiometric Check-of-Calibration 
Against the. Sun Can Be Perform.eJ 
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VISSR Scanner Thermal Model 

A 72-node thermal model was formulated for the VISSR scanner and 
the thermal model nodal parameters sent'to Philco-Ford’to determine the- 
VISSR/SMS interface .coupling required to achieve acceptable- VISSR operating 
temperatures. 

The distribution of the thermal model nodes for the VISSR thermal 
model is shown in Figure 2-21. A description of the nodes shown, is pre- 
sented in Table 2-1. 

The values. of the VISSR scanner thermal model nodal parameters (con- 
ductive and radiative coupling plus solar and electrical power input) are pre- 
sented in Appendix G. • 

Previous Thermal Evaluation of Isolated Scanner 

. An evaluation of a prelimina'ry VISSR scanner thermal model was made 
during the preliminary design phase of the VISSR program (1969). For the 
evaluation it was assumed that the VISSR was thermally isolated from the 
spacecraft (radiatively and conductively ) and that the primary coupling be- 
tween the VISSR and the sun and space was, through the VISSR optical aperture. 
A small amount of coupling (to the sun- and space) by the inher surface of the 
radiation cooler sunshield was also assumed. 

As might be expected under these boundary conditions^® plus electrical 
power being dissipated in the scanner [primarily the encoder(s) and the visible 
channel integrated PMTsl, the average scanner temperature was found to be ' 
warmer than desired. At that time it was recommended that a heat leak to 
space be provided for the VISSR through the top and bottom of the spacecraft 
[to balance the electrical power being dissipated in the VISSR encoder (s) and • 
integrated PMTs, respectively] to obtain the desired nominal VISSR operating 
temperature. 


Basically the conditions which would result in an average .scanner tempera- 
ture of approximately 25‘^C if no additional power were supplied to the VISSR. 
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Table 2-1. Thermal Model Nodal Description 


■ Node 


1 • -■ 


2 


3 

4 


5 

6 

7 

8 to 13 


14 to 19 


26 to 31 


32- 


■33 


Description 

The photomultiplier mounting plate. It contains the visible chan- 
nel preamplifiers, the baffle mount, calibration shutter focus 
drives, and relay optics. The node is annular, 1/3 of the distance 
between the inner and outer radius. . 

The primary mirror baffle. It. guards against stray radiation 
falling upon the image plane. . T^h^e nodal point is at the half length 
point. ' ■ - 

The primary mirror. The node is annular, half-way between the 
inner and outer radius. 

The radiation cooler mounting plate.. It is the annular ring with 
a slight bevel. This plate attaches to the Be tube and to the ra-- • 
diation cooler. The node is half-way between the inner and outer 
radius. 

The infrared preamplifier. It is located on the plate described 
as node 4. 

The housing of the radiation cooler. The node is located half-way 
up the housing, and has annular symmetry. 

The sun shield of the radiation cooler. The node is located .half- > 
way up the housing. The node is annular. 

These nodes are on the Be tube,' centered between the primary - . 
mirror mount and the photomultiplier tube plate. The nodes in- 
crease in number every 60° in a CW direction as viewed from the 
radiation cooler end. Node 8 is on the top oh the side opposite 
from the sunshade. 

These nodes are analogous to 8 through 13. They are loc'ated 3/4 
of the distance between the PM mounting plate and the radiometer 
mounting ring'. 

These nodes are on the mohnting ring for the radiometer. Nodes 
‘26, 28, and 3 0 coincide with the three mounting pads, and include 
60 angular degrees of the ring. The intervening 60° sectors are 
devoted to nodes 27, 29, and 31. 

This node is located at the junction of the four scan mirror braces. 
The mount for the secondary mirror is also attached at this point. 

The secondary mirror.' The shield around the mirror and the ad- 
justing structure are defined by separate nodes. 
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Node Description 

34 The rotor of the right encoder- scan motor . This encoder does 
not have the spacing diaphram. It is on the right hand side when 
viewing into the radiometer entrance with the radiation cooler 
downward. 

35 The stator of the same encoder -motor . 

36 The side of the encoder can. It protrudes beyond the scan mirror 
cover forms this node. 

37 The end of the encoder can. This end views the spacecraft. 

38 to 41 These nodes are analogous to nodes 34 to 37, but pertain to the 

left encoder. 

42 The scan mirror. The node has annular symmetry and is located- 
at the mounting holes. 

43 .to 48 These nodes are located on the scan mirror cover in an analogous 

fashion to nodes 8 through 13. These nodes are located 1/4 of 
the distance from the mounting ring to the cover plate for the 
scan cavity. Node 46 is largely cut away for the entrance aper- 
ture. 

49 to 54 Similar to nodes 43 to 48, but they are located 3/4 of the distance 
between the mounting ring and the scan cavity mounting plate. 

' 55 ' The end plate of the scan mirror cavity cover. The node is an- 

• ■ ■ ' nular at the half radius point. 

56 to 63- These eight nodes are on the sunshade. Looking into the radiom- 

eter with the radiometer oriented such that the radiation cooler 
is on the bottoryi, node 56 is the left side flat portion of the. first 
half of the shade, 57 is the bottom curved portion, 58 is the right 
flat, and 59 is the top curved portion Similarly, nodes 6 0, 6l, 

62, and 63 are on the second (inner) half of the shade. The two 
. halves are divided on the basis of shade length. 

64 The cylindrical shield for the secondary mirror. This shield is 
viewed when looking into the entrance aperture, and protects the 
mirror from direct rays. This shield also provides a radiation 
shield for the mirror. 

65 Circular plate. This holds the secondary mirror alignment ad- 
justing -structure . This plate copnects via structure to node 32. 

• 66 Y-shaped mount. This ho.lds the secondary mirror. 
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Node 


Description 


67 to 69 


70 


71 

72 


Nodes 26, 28, and 30 mount to the spacecraft. Nodes' 67 to 69 . 
mate with the above nodes, and thus form boundar-y nodes when 
the radiometer is considered by itself. When the radiometer is 
considered as part of the complete SMS system, these nodes are 
part of the spacecraft. 

This is a boundary node similar to nodes 67 to 6,9 when the radi- 
ometer is considered by itself. In the complete system,, this is ' 
the inner walls of the solar array panels: . 

This. node is space,, and forms a cold radiation source. 

This node is the' sun. A fixed angular view i‘s used for the sun ■ • 
which necessitates using a "solar' 'equivalent temperature. " 


When it subsequently became known that the spacecraft design would 
preclude the use of a heat leak from the 'VISSR encoders to space through the 
top (+Z axis) of the spacecraft, if was decided that the encoders should be 
radiatively coupled to the inner walls of. the- spacecraft solar panels as a 
means of keeping the temperature of the powered VISSR encoder within ac-. 
ceptable limits. 

A thermal control surface (radiation patch with proper a/ € characteris- 
tic and size) would be used as a heat leak to space through the bottom of the 
spacecraft (- Z axis) to optimize the VISSR scanner temperature. The radi- 
ation patch would also serve to -help the radiation' cooler shield run cold which 
is desirable from cooler operation considerations. 

Present Thermal Evaluation of "Isolated "jSc'^nner 

The present VISSR scanner nodal model was evaluated by SBRC using 
the following boundary conditions: 

1. The scanner was isolated from the spacecraft except for radiation 
coupling between the VISSR encoders and the inner walls of the 
, spacecraft solar panels which were assumed to.be at a tempera- 

ture of 10°C (based on discussions with Philco-Ford). 
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2. A thermal control surface (several sizes) was placed on the outside 
surface of the radiation cooler shield fa cylindrical band at’ the top 
edge of the shield having an 0! = 0. 2 and an C = 0. 9). 

The results of this evaluation are summarized' in Figures 2-22 through 
2-25'which show the steady state VISSR scanner nodal temperatures for differ- 
ent sun angle positions and thermal control surface sizes; 

Figure 2-22 shows the nodal temperatures, -for summer and winter sol- 
stice when no heat.leak (thermal control surface) is used.- 

It can be seen from Figure 2-22 that during the summer solstice, the 
following temperature conditions exist. 

1. The radiation cooler sunshield will run significantly hotter than 

desired. . . . 

, 2. The primary mirror temperature will tend to run hot. 

3, A significant temperature gradient exists between the primary and 
secondary mirrors. 

4. Although the powered encoder runs slightly warmer than desired, 
the radiative coupling to the spacecraft appears to be adequate to 
keep the encoder within acceptable temperature limits. 

Figure 2-23 shows that a significant improvement in ave,rage scanner ■ 
temperature, scanner temperature gradients. and summer solstice radiation 
cooler temperature' can be achieved by using a thermal control surface having 
a band height of 0. 6 inch. . . ^ • ’ ' • . 

Figure 2-24 shows the scanner nodal temperatures for the thermal con- , 
trol surface band height of 0. 6 inch and sun angles of ±10®. 

The sensitivity of scanner temperature to control surface area can be 
seen by comparing Figure 2-25, which shows the scanner nodal temperatures 
at summer and winter solstice for a thermal control surface band height of 
1.2. inches, with Figure 2-23. 
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Figure 2-22. VISSR Scanner Nodel Temperatures No Thermal 
Control Surface, ^23. 5® Sun Angle 
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Figure Z-23, VISSR Scanner Nodel Temperatures' Thermal Control Surface 
Band Height = 0. 6 in. , -23. 5° Sun Angle. 
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Figure 2-Z4, VISSR Scanner Nodal Temperatures Thermal Control Surface 
Band Height = 0. 6 in. , =10° Sun Angle 
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Figure 2-Z5. VISSR Scanner Nodal Temperatures Thermal Control 
Surface Band Height = 1. 2 in. , ±23, 5° Sun Angle 
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Therraal Evaluation 'of Integrated VISSR/SMS 

The thermal' model 'evaluation of the integrated VISSR/SMS system 
being conducted by Philco.-Ford will include the actual conductive and radi- 
ative coupling that is expected to exist between the VISSR scanner and the 
spacecraft nodal parameters. 

Although the conductive coupling between the VISSR scanner and the 
spacecraft will be minimal, radiative coupling will exist since, in general, • 
thermal radiation shielding between the VISSR and the spacecraft is not being 
.provided. ^ For this reason, the VISSR scanner nodal temperatures are 
expected to be somewhat different than that shown for the "isolated" scanner 
condition. 

Following the completion of the thermal analysis being conducted by 
Philco-Ford, the results of the analysis are planned to be reviewed with 
.NASA and SBRC and a final decision made on the size of the thermal control 
surface to be used on the radiation cooler sunshield. 

Focus Range and Blur Circle Size 

Focus Range . - The focus adjustment range allocated for thermal gradi 
ents in the VISSR scanner is 

±50X10~^ inch for the thermal channels 
and ±70X10~^ inch for the visible channels.- 

The magnitude of the focus range adjustment required for differential 
tennperatures between VISSR optical elements can be determined from the 
following expressions: 

Thermal Channel - 

Rt = 1-0. 107ATpri.spac-0- 022ATpri_sec-0- 098ATpi.i_Mpl^l0’^ 

Visible Channel - 

Rv ~ ^"^pri- spac“ ^9ATpj-j^_ gg^l XI 0 ^ inch 

19 ' 

This decision was based on the results of a preliminary thermal analysis 
conducted by Philco-Ford which showed that no undesirable thermal effects 
were created when substantial radiative coupling between the VISSR and the 
• • spacecraft was assumed. 
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where ‘^'^pri-spac ~ mirror temperature minus telescope 

spacer temperature in “ C 

^"^pri-sec “ primary mirror temperature minus secondary 
mirror temperature in °C 

ATpri_MP “ primary mirror temperature minus 'mounting 
plate temperature in °C 

Blur Circle Size . - Following the optimization of the VISSR thermal or 
visible channel focus to correct a defocused condition due to a "VISSR scanner 
temperature gradient, . the subsequent blur circle diameter change that will 
■ result due to a change in temperature gradient between VISSR optical elements 
can be determined from the following expressions: 

. Thermal Channel - 

BCDt = 1-4. 08A(ATpri_sp^e)-0-84A(ATpri_sec)-3. 72A(ATpH-MP)lH^r 

Visible Channel - 

■, BCDy = l-4.08a(ATp^i_3p^J-0.84A(ATpri.3^^)|,ir 

The above expressions used in conjunction with Figures 2-9 and 2-10 
can be used to determine the change in VISSR scanner temperature gradients 
that can be tolerated before refocusing is required due to ground resolution 
(MTF) requirements, ■ 
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OPTICS 


OPTICAL REQUIREMENTS 

The scanner assembly contains eight identical visible channels operating 
in the 0. 54- to 0. 70-micron band and a single infrared thermal channel oper- 
ating in the 10.5- to 12. 6-micron band. The instantaneous geometric field of 
view (IGFOV) of each visible channel is 0. 025 X 0. 021 mr and the IGFOV of 
the thermal channel is 0. 25 mr square. The eight visible channel IGFOVs 
are aligned^ in a linear array so that during the scanning-process they are 
. symmetrical with the 0. 25 -mr thermal channel IGFOV. A 2 0% underlap be- 
• tween channels is allowed as a practical fiber optics cladding allowance. 

. V 

Also, as a redundant consideration, an additional thermal 'channel is mounted 
next to the primary thermal channel and has identical characteristics. 

Although the preceding requirements define the required telescope field 
angle, a desired system growth potential would increase this parameter. The 
anticipated modification includes additional thermal channels to-accomplish a 
vertical temperature profile measurement capability. The details of this 
growth potential experiment have not been defined. 

GENERAL DESCRIPTION- ■ 

The optical. system is shown schematically in Figure 3-1. It consists 
of the following: 

1. An object-space scan mirror 

2. - A Ritchey-Chretien primary- secondary mirror system 

3. Relay optics for the thermal channel 

4. Fiber optics light -guides for the visible channels 1 • / •' 

5. Optical filters for the thermal and visible channels ’ '■ - 

6. An immersed (to PMT window) optical prism in each visible channel 
to achieve enhanced photocathode effective quantum efficiency. 
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Figure 3 -1 Optical Scheniatic, VISSR/SMS Scanner 
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TELESCOPE DESIGN 
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The selection of a specific telescope design involved the tradeoff of 
fabrication difficulty with the required optical performance. Several mirror 
systems are theoretically capable of perfect imagery at the optical axis, but 
they have markedly different characteristics away from the optical axis. 
Figure 3-2 compares three folded telescope types used by SBRC in previous 
spaceborne sensors. The solid lines show performance at the plane of 
paraxial focus, and the dashed lines the curve of best focus.. 

It should be noted that a parabola alone is very nearly equivalent to the 
Cassegrainian optical system. The blur size shown in the figure is the diam- 
eter of the maximum blur circle. The mam aberration present in the Dall- 
Kirkham and the Cassegrain systems is coma, so one may assume that a 
major fraction of the energy is contained in a significantly smaller blur circle 

The Ritchey- Chretien design has been of principal interest because it 
provides higher resolution over a significantly wider field. than the somewhat 
simpler Dall-Kirkham design. The wide field angle characteristics of the 
Ritchey- Chretien design facilitate and simplify optical alignment procedures 
and permit channel separation to be accomplished by angular displacement 
without seriously deteriorating channel spatial resolution. 

Three different optical designs were explored during the ‘preliminary 
design phase. They are as follows: 

1. The Ritchey-Chretien design initially proposed. 

"2, A three'-mirror design using a spherical primary mirror and 
aspheric second and third mirrors. 

3. A Ritchey-Chretien design having slower optical characteristics 
as compared to the system inirially proposed. 

Table 3-1 summarizes some of the properties of these three systems. 
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Figure 3-2. Comparison of Off-Axis Image Elur for Two-Mirror 
Optical Systems 
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Table 3-1. Summary of Three Optical Designs Characteristics 


Optical Design 


Proposed Design 
with Modified Back 
Focal Length 


Revised Two 
Mirror Design 


System 



iJ§ 

Primary 

Mirror 

Optical System 
Configuration 
P S T* 

Material 
P S T* 

Image 

Quality 

1. 8 

A A 
Ritchey 
Chretien 

Be 

Be 

Good 

'2. 5 

Sp A A 

Be 

siq4 

Slo2 

Good 

2.4 

A A 
Ritchey 
Chretien 

Be 

Be • 

Very 

Good 


_Fiber 
Size 
(In. ) 

0. 0016 


0. 0028 


Baf£ling 

Rating 

Good 

3 


Fair 

to 

Z 

^ Good 

* 


* P - Primary ** Mirrors S & Q are identical 

,S -.Secondary 
T - Third 
A - Aspheric 
Sp - Spherical 


Designs other than No. 1 -V/ere considered because of anticipated diffi- 
. culty in fabricating the relatively fast aspheric primary mirror. While this 
problem was difficult to define, discussions with various optical vendors ‘ 
proved that a' slower system would increase the probability, of obtaining optics 
rheeting the requirements. 

.Design No. Z would be the easiest to fabricate because of the spherical 
primary mirror. However, this system was not compatible with certain 
spacecraft configurations. Also, field angle capability is less due to the 
double fold, long focal length, and center hole required 'in the secondary 
mirror. ' .1 , 

Design No. 3's only apparent dtsadvantage is limitations in applying 
radiation baffling. Using this configuration, radiant energy from outside the 
desired field cannot be prevented from irradiating the secondary mirror. - . 
Specularly reflected energy does no harm because it will be absorbed by the 
scanner baffling; however, energy diffusely scattered to the field stops can- 
not be shielded. Preliminary analysis has indicated that this is not a signifi- 
cant factor when related to reflected or' radiated energy from the earth. A 
detailed analysis will be completed us-ing the radiometer- sunshade configura- 
tion. It will include bidirectional (scattering) of the secondary- mirror sur-’ 
face. 
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TELESCOPE AND THERMAL RELAY SYSTEM 
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Summary 

Optical design for the VISSR l6-inch aperture telescope has been; , 
coupled with the thermal channel relay system in a continuous ray trace; 

The ray traces include surface printouts for determining required clear / ' 
apertures as well as spot diagrams for image evaluation at the primary and ’ 
relayed image planes. Effective focal length is nominally 114. 7 inches.- I ' 

C 

The ray trace results indicate a blur circle of 3 X 10~ inch on axis, 
and 2 X 1 0“^ inch at the largest field angle; at .1 14 inches focal length these' 
give 3X 10“^ and 2X 10“^ radian, respectively. The diameter of the central- 
diffraction maxima is about 3. 7X 10”^ radian for visual light. The geometri- 
cal aberration is less than the diffraction dimension by a factor of 1 0 in the • 
field center where the visual channels are located. The diffraction maxima 
for the infrared channel is about 7 X 10“^ radian. At the field edge where the 
infrared, channels are located, the geometrical aberration is about 35 times 
smaller than the diffraction maxima diameter. 

These results assure a diffraction limited operation for the nominal 
telescope design. 

At the relayed infrared image plane, the image blur's maximum dimen- 
sions are 1. 2 X inch for both the upper and lower field extremes. The 

f/# of the convergent beam at'the image is f/1. 28. For this f/# and 11.5- 
micron wavelength, ' the diffraction maximum diameter is 1.4X 10“^ inch. 

The geometrical blur circle of the relayed image is about a factor of 1 0 
smaller than'the diffraction pattern. This assures diffraction limited per- 
formance for the combined nominal design of the telescope and relay system. 

General Description 

The primary image is formed by a 114. 7- inch focal length, 1 6- inch 
diameter, ■ Ritchey-Chretien system. This image lies 1.5 inches behind the 
vertex of the primary mirror to permit -access for image evaluation equip- 
ment. 
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fSBRC J-. ■ 

. . ' ' ** ‘ * , >■/ 

At the primary image surface, the infrared, field consists of two seg- . . 
ments each 0. 2 mr square, or 0, 023 inch per side. The segments are sepa- 
rated by 0. 023 inch. The array lies on a radius centered at the telescope 
axis. The near edge of the first IR field segment is 0. 100 inch from the 
axis. The far edge of the second detector lies 0. 169 inch from the ^is. 

This array is illustrated in Figure 3-3. • - ’ • 

The relay axis' is parallel to, -but displaced from, the telescope axis by ■ ‘ 

0. 156 inch. This displacement was needed because the entrance pupil of the 
- % 

relay is the exit pupil of the telescope and ail principal rays diverge from 
this stop. The axial displacement dimension was selected to distribute prin- 
cipal ray spread equally about the relay lens aperture, thus minimizing the 
required aperture. • • . . 

Detailed System Description - . . 

The system layout is shown in Figure 3-4. Relay lens details are out- 
lined in expanded scale in Figure 3-S, Total length from telescope secondary , 
vertex to detector plane is 34. 556 inches. 

The number of significant figures on dimensions does not necessarily 
indicate tolerance critically to those figures. These are rounded off in the 
tolerance study. 

The spacing between elements B and C (F-igure 3-5) must be examined 
to see what space is available for focal adjustment to compensate for a poten- 
tial axial shift of ±0. 040 of the’ detecto.r.'-' If the detector moves 0. 040 from 
the lens, the lens pair AB must move 0. 0413 toward the filter C.‘ This has 
been verified by a ray trace. 

The clear aperture radius required on the concave surface of lens B is 

• 

0.312 inch. If we add 0. 003 to this for tolerancing we Have 0. 315; Presurn- 
ing the lens edge is flat and orthogonal to that axis from 0. 315 outward we 
calculate the lens sag, or distance from flat to vertex (axial intersect) to be 
R - (R^ - 0. 315^)^ or 0. 0636 inch. The spacing-vertex of B to filter C is 
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• Figure 3-4, Telescope and IR Relay Schematic 
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Figure 3-5. IR Channel Relay Lens Schematic 
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0. Z7616. Therefore, the distance from mounting surface of B'(flat edge) to 
mounting surface of C is 0.21256, 

The detector array is of the dimensions shown in Figure 3-5. The top 
detector edge is.O. 0093 from the relay axis, and the bottom detector edge is 
0. 003 from the relay axis. 

Relative to the telescope axis, the top detector edge is 0. 1613 from 
axis and the bottom detector edge is 0. 1490 from axis. 

' " The-diameter of the filter clear aperture is 0. 207 oii the front face for 

the nominal position. However, the spacing lens B to filter can shrink by 
0. 045 inch. To accommodate for this spacing shrinkage, the filter aperture 
must increase. The tangent of the steepest incidence angle on the filter is 
0. 4948 or about 0. 5. if we presume, as much'as 0, 050 'spacing reduction we 
have 0. 050 X 0. 5 = 0.-025 increase required in the filter diameter. This in- 
creases the required active aperture radius to 0. 232 inch. ' •• .‘‘•y,. 

Since the overall length of relay conjugate can vary by ±0. 040 due to 
detector displacement, ray traces at these displacements were run. For a ' 
shortening of overall distance by 0. 040, the lens to detector distance in- 
creases by 0, 0013 inch. Image quality and image height deviation are less 
than 0. 0001 inch. For an increase of 0. 040, lens to detector distance' is de- 
creased by 0. 0013. Image quality and image height deviation are less than t 
0. 0002 inch. ■ , ' • 

Thus, no image deterioration or distortion of significance is introduced 
by required focusing. The dynamic range of motion is +0. 0413 by -0, 0387, 
or is equal to the total motibn range 'of the detector. 

4 * ' .... 

Performance Summary 

The computer output summarizing .system pe'rformance is given in the 
following figures. 

Figure 3-6 shows .a spot diagram of the oil-axis' ray bundle in the pri- 
mary image plane.. The total ray pattern is contained within 3X 10"^-inch. 
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Figure 3-7 shows a spot .diagram of the ray bundle in the primary image 
plane at 0. 1,69 off-axis, or at the edge of the infrared field farthest from the 
axis. The blur pattern approximates an ellipse 1 X 10"'^ inch wide by 2 X 10"'^ 
inch high. , , ' . ’ . 

• -Table 3-2 gives a readout of the system input data to the computer. 

Figure 3-8 Shows a spot diagram of the ip;ia'ge at the detector surface. 
This is at an entrance field angle of 0. 0844°. It. represents the far edge of 
the infrared field, but due to intversion .by fhe relay is the detector edge clos- 
est to the axis. The maximum spot separation is 1. 2X.10“'^ inch with 90% 
of the distribution within 0. 4X 10“'^ inch. 

Figure 3-9 shows a spot diagram of the near edge of the far infrared, 
field as imaged at the detector. Its entrance angle is 0.0729°. The blur 
pattern maximum dimension is 1. 3 X 10““^ inch, with a heavy concentration 
of spots in les s than 0. 50 X 1 0"^ inch. 

Figure 3-10 shows a spot diagram of the far edge of the near- infrared 
field as imaged at the detector. The input angle is 0. 0615°. Distribution is 
similar to the preceding cases. 

Figure 3-11 shows a spot diagram of the near edge of the near- infrared- 
field. The input angle is 0, 050°. Spot distribution matches that o.f pre.vioiis 
figures. • 

. Tables 3-3 and 3-4 give surface -by-surface readouts for marginal and 
axial rays. Table 3-3 is for the near -infrared field limit of 0. 050° while 
Table 3-4 is for the far-infrared field limit. The Y and Z readings are used 
to determine the required clear apertures and sags at each surface. All Y 
readings are relative to the telescope axis. The relay axis spacing of 0. 156 
must be considered when using these numbers to determine aperture. 

Table 3-5 is -the case in which overall length has been reduced by 0. 040. 
The double underlined number on the first line BFL = 0. 121310 is the back 
focal length. Since the normal BFL is 0. 12 0 we have an increase at 0. 00131. 


SANTA BARBARA RESEARCH CENTER 


3-13 



SBRC 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■•■■■■■■I 


I ■■■■■■■■■■■■■■■■■■■■■■■■! 


iHni 


19i!!!ii9Ei!9nBBMaK.7:BBBBaBSS|l 




IkSSSi 


iaHaaiiaiini 

■■■■■■! 


■■■■I 


ISS 55 SS&SS 5 S 8 S; 




■■■■■■■I 
■■■■■■I 


■■■■■■aai 
.-maBBBiaaiK 

■Mi 




!■■■! 


■MBHI 


■■■■■■■■■■■■■■■I 




luni 


■K^ll 


■■■I 


■■■■■I 


■■■■■■■■■I 


laaai 


IBBSI 


laaaai 


laaaaaaai 


linaaaBBai 

siBaaBflBi 


IBBBBBBBBBBBBBBBBBflBI 


IBBBBBBr^ 


BBB^^'BBBBBB^BPMBBBBi 


ISSHSi 


iBBBBBBflrlll 


BBBflBBBBaBBBBBBBaBBBBBBBBaBBflBBBI 

BaBBBaiBBaaBBBBaaaBai»BBv^Ba|?]aBi 

aaBBaBiBiiBBBBBBBi?BBC&IBflliBBaE^a»: 


SS 8 I 


ass 


ibbbbbbbi 

■BBBBaaaBiai 


■BBBaaaBBi 


53 ! 


cnaaBBi 

lEiBBBBai 


IBBBBBBBaBBBBI 

iiiliBBBBBBBil 


■.■B.BI 

IBBBL 

■BBBI 


! 8 S 5 Hi 


IBBI 

laBBBBBBI 


UtBBRfjU 

IBBBKai 

■BBBB.aBflBBBHHBI 
■BBaa aBBBBaBBBI 
IBBBB aBBBBBBMB 
IBBBB aBBBBBBliB- 


IBBBI 


assi 


■aai 


IBBBBBaBBBBI 


:aa^i 


■BBBBBI 


infislai 


laaaai 




IBBBI 


IBBBBBI 

IBBBBI 


■BBBBI 


!■ 
Ill 

IBBaBI 

laiaii 


■ju.Bna .1 


tBaBBBBaaBBI 


IBBBiil 

liaaii 
lar — 
lii 


iBBI 

BBI 


■aa.i 


IBBBBBBBBBI 


IBBI 


laaai 

IBBBI 


■BBBBI 


■BBI 
IBBBI 
■BBBI 
■BWBI 
:BBBBBflBBBBBI 1 BBI 


IBBB 

ir^BBBBBBB BBBBBBar21] 


■»rBBBBI 

lUiiai^BI 


as 


il 


iSi 


IflBBBBI 


iik?<i 

jBBBBMMBBKMBIMI 
IBBBMBBBWBBBBK 
- JBBBlSlUIBflBBBaBKS 
laBBBBBflBaB BBBBBI 

TBHW 


■l?2l 


i 


IBBBBBBI 

■BBBBBBI 

IBBBBBBI 


IBBI 


IBBaflBBfll 


laBBBBBBBI 


IBBBBBI 


I^BI 


assi! 




IBBBIjBI 

■iiiSBI 


IBBBI 
■BBBBBI 
IBBBBBI 


IBBBI 

IBBBI 


IBBBflBBBBBBBBBI 

IBBBBBBBBBBBBBI 


Jbbi 

IBBBI 


IBBBBBIIBBBBBI 


IBBBBBBI 


IBBB?4 


i^BI 


lijBBI 

^;^B| 


\uusm 


IBBBBBBHBBI 




iSS^ 
iS! 


BBS 


IBBI 


■*KBI 


I BBBBB BBI 

■BfliBBBBg 

■■IBBBBBBi.. 

SS 858 S!! 


^ 885 S 8 SS&: 


iBBB'rtai 


IBBB BBS^ BBBBh. 
'BBflBBkBBBBBBI 


IBBBI 


IBBBB^fnil 
IBBBBfiil 


IBBiAIBI 


IBBBBBBI 


■B^l 


iBaaBBa^Bi 


IBMBBBBBB^BBBBBI 
IBBB BBBBbIbBBBBI 


IBjS^lfll 

iiilim^BBa! 


in'i 


IBBBBI 


iBaai 


itei 


■Bpa 

£ji:t}BI:i|~ 








IBBI 


Figure 3-7. Primary- Optics, Off Axis 
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System Input Data Readout 


SURF TAG RADIUS . ’ T 0 ' F ' C. ' 

: 1 1 -73*61169 -27.50000 -1.00000 -1.00000 .-1.00000 

O.OOOOOOE 00 O.OOOOOOE 00 O.OOOOOOE 00 O.OOOOOOE 00 -O.I07000E 01 


2 1 -27.4.0644 29.00000 1.00000 1.00000 1.00000 

O.OOOOOOE 00 O.OOOOOOE 00 O.OOOOOOE 00 0".000O00E 00 -0.466500E 01. 


3 1 •»«•***»•»*»« 

4.54000 

, 1.00000 

1.00000 

1.00000 

4 1 6i 

.02409. 

0.10000 

4.00000 

1,00000 

. 1.00000 

DECENTEREO 

DCX 

0.00000 

OCY 

0.15200 


O.OOOOOOE 00 

O.OOOOOOE 

00 O.OOOOOOE- 00 O.OOOOOOE 00 

O.OOOOOOE 00 

5 1 

0.02000 

1.00000 

1.00000 

1.00000 

OECENTERED 

' DCX 

0.00000 

. DCY 

0.15200 

O.OOOOOOE 00 

O.OOOOOOE 00 

O.OOOOOOE 

00 O.OOOOOOE 00 O.OOOOOOE 00 

6 1 0 

.70821 

0.10000 

4.00000 • 

1.00000 

1.00000 

DECENTERED 

DCX 

0.00000 

DCY 

0.15200 


O.OOOOOOE. 00 

O.OOOOOOE 

00 O.OOOOOOE 00 O.OOOOOOE 00 

O.OOOOOOE 00 

7 1 0 

.81234 

0.27616 

1.00000 

1.00000 

1.00000 

DECENTERED 

DCX 

0,00000 

DCY 

0.15200 


O.OOOOOOE 00 

O.OOOOOOE 

00 O.OOOOOOE 00 .-O'.OOOOOOE 00 

O.OOOOOOE 00 

8 1 **•«#•»■»***♦ 

0.08000 

4.00000 

1.00000 

1.00000 

9 1 

0.20000 

; 1.00000 

.1.00000 

1.00000 

10 1 ♦■»•»»•»■&«*«♦ 

0.04000 ' 

•• '2.17000 

1.00000 

1.00000 

11 1 *♦*«««•*•»•*♦ 

0.12000 

1.00000 

1.00000 

1.00000 


SYSTEM DATA lK‘2l TO 38) 

0.000000 a.oioooo 0.001200 o.oooooo 1.000000 1.000000. 1.000000 

11 1 1 1 1«*33* -0.0050 0.0000 0.0000 ■ 0.1200 ' -20.6051. 


RAY* DATA (K=41 TO 49) 


1 9 0.08440 8.00QQ0 

8.01000 


-8.QQQD0 0.00000 
0.00000 0.00000 
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Figure 3-8. Optics with Relay 
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Table 3-3. Surface-by-Surface Readouts 


SURF 

' X 

Y 

Z 

TAN X 

TAN . Y 

TAN .XY 


. THETA 

0.050000 

DEG 



* 

i ; 

0»000000 

7.999621 

- 0.4345 

0.0000 

■ 0.2189 

0.2189 

2 

0*000000 

2.057201 

- 0*0768 . 

OiOOOO 

- 0.0673 

0.0673 

3 ■ 

• o*oooooo'. 

0.100027 

0.0000 

0.0000 

- 0.0673 

0.0673 

'■ •. 

•0 *.000000 

- 0.206279 

0.0106 

0.0000 

0.0279 

0.0279 

5 

0*000000 

- 0.203785 

0.0000 




6 . , 

0.000000 

- 0.191552 

0.0889 




7 

0.000000 

- 0.159690 

0 . 062i 




8 

0.000000 

- 0.053799 

0.0000 . 




9 ■ 

0.000000 

- 0.044873 

■ 0.0000 




10 

0*000000 

0.093685 

0.0000 

■ 



1.1 

0*000000 

0.102037 

o.oo'oo 




IM 

o.ooooOo 

0.161422 

0.1200 

0.0000 

0.4948 

0.4948 

i 

o.ooooob 

0.000000 

0.0000 

0.0000 

- 0.0008 

0*0008 

2 

0.000000 

0.023998 

- 0.0000 

0.0000 

0.0026 

0.0026 

3 

0.000000 

0.100093 

0.0000 

0.0000 

0.0026 

0.0026 

4 

0.000000 

0.112006 

0 . 0001 - 

0.0000 

0.0056 

0.0056 

5 

0.000000 

0.112568 

0.0000 




6 

0.000000 

0.113044 

0.0010 




7 

0.000000 

0.117722 

0.0007 




8 

0.000000 

0.134551 

0.0000 




9 

0.000000 

0.135771 . 

'OoOOOO 




10 

0.000000 

0.152880 

0.0000 


— 

— 

11 

0.000000 

0.154004 , 

0.0000 




IM 

0.000000 

0.161337 

0. 1200 

0 . 0000 . 

0.0611 

0.0611 

1 

0.000000 

- 8.000379 

- 0.4346 

0.0000 

- 0.2207 

0.2207 

2 

0.000000 

- 2.008523 

- 0.0732 

0.0000 

0.0725 

0.0725 

3 

0.000000 

0.100174 

0.0000 

0.0000 

0.0725 

0.0725 

4 

0.000000 

0.429928 

0 . 00 64 

0.0000 

- 0*0165 

0.0165 

5 

0.000000 

0.428376 

0.0000 




6 

0.000000 

0.423453 

0.0540 




7 

0.000000 

0.396414 

0.0376 




8 

0.000000 

0.313365 

0.0000 




9 

0.000000 

0.306766 

0.0000 




10 

0.000000 

0.209272 

0.0000 




11 

0.000000 

0.203140 

0.0000 




IM 

0.000000 

0.161356 

0. 1200 

0.0000 

- 0.3481 

0.3481 
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Table 3-4. Surface-by-Surface Readouts 


SURF 

X 

Y 

Z 

TAN X 

TAN Y - 

TAN XY 


THETA 

■ 0,084400 

DEG 




1 

o.odoooo 

7.999360 

- 0.4345 

0.0000 

0,2182 

0,2182 

2 

OoOOOOOO 

2.073935 

- 0.0780 

0,0000 

— 0 .0655 

0,0655 

3 

0*000000 

0,168805 

0.0000 

0.0000 

- 0*0655 

0.0655 

4 

o.oooooo 

" 0 . 1.29075 

0.0065 ■ 

OeOOOO 

0 , 0l87 

0.0187 

5 

0.000000 

- 0 ., 127327 

0,0000 




6 

0 . 000000 ’ 

“ 0.121698 

0,0550 




7 

0.000000 

“ 0.094337 

0.0382 




8 

0.000000 

- 0.008518 

0.0000 




9 

0.000000 

- 0.001707 

0,0000 




10 

0.000000 

0.099295 

0.0000 




11 

0.000000 

0.105628 

0.0000 


. 


IM 

0.000000 

0.148917 

0. 1200 

0,0000 

0.3607 

0.3607 

1 

0.000000 

0.000000 

0.0000 

0.0000 

- 0,0014 

0,0014 

2 

0.000000 

0.040509 

- 0.0000 

0.0000 

0.0044 

. 0,0044 

3 

0.000000 

0.168957 

0.0000 

0,0000 

0,0044 

0.0044 

4 • 

• o-.oooooo 

0.189066 

0.0001 

o-.oooo 

- 0.0035 

0,0035 

■ 5 

0.000000 

0 ,. 188716 - 

0,0000 




6 • 

0.000000 

0.188422 

0.0009 

. 



7 . 

0 iOOOOOO 

0.184222 

0.0006 




8 

0.000000 

0,170611 

0.0000 




9 

0.000000 

0.169624 

0.0000 




10 

0 .000000 

0.155790 

0.0000 




11 

0.000000 

0.154881 

0,0000 


- 0.0494 


IM 

0.000000 

0.148952 

0. 1200 

0,0000 

0,0494 

!■ . 

0.000000 

. - 8.000640 

-0 0 4346 

0.0000 

- 0.2214 • 

0.2214 

2 

0.000000 

“ 1.991771 

- 0,0720 

0.0000 

0.0743 

0.0743 

3 , 

. 0,000000 

0.169122 

0,0000 

0.0000 

0.0743 

0*0743 

4 

0.000000 

0.507355 

0.0104 

0.0000 

- 0.0258 

0.0258 

5 

• 0.000000 

0.505044 

0,0000 




6 

0.000000 

0.493838 

0.0879 




7 

■ 0.000000 

0.462190 

0,0615 




8 

0,000000 

0.358739 

0.0000 




9 

0.000000 

0.350002 

0,0000 




10 

0.000000 

0.215027 

0.0000 




.11 

0.000000 

0 . 206 ’ 857 - 

0.0000 




IM 

0.000000 

0.149008 

. 0.1200 

0.0000 

- 0.4820 

0.4820 
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Table 3-5. Tangential Fan for Reduced Length 


ThRDR 


BFL 

= 0.121310 

EFL--20. 823223 ENT« 

0.000000 

EXT» 0.007947 



SPHER 

COMA 

ASTIG 

y-MARG 

Y-PRINC 

CURV 


1 

-0.0206404 

0.0002276 

-0.0000025 

8.010000 

0.000000 

-0.01358 

-27.50000 


0.0220852 

0^0000000 

0.0000000 





2 

0.0061834 

-0.0001034 

0.0000017' 

2.026217 

0.032999 

-0.03648 

29.00000 


-0.0076244 

,-Oi0001242 

-0.0000020 





.3 

0.0000000 

0.0000000 

O.OOOOOOO 

-0.000059 

0.137637 

0.00000 

4.50000 

4 

-0.0003521 

0.0000841 

-0.0000201 

-0.314327 

0.153874 

. 0.16600 

'0.10000 


, O'.OOOOOOO 

0.0000000 

O.OOOOOOO 





5 

-0.0001907 

0.0001606 

-0.0001352 

-0.312159 

0.152048 

0.00000 

0.02000 


0.0000000 

0.0000000 

0.0000000 





6 

-0.0000347 

0.0000138 

-0.0000054 

-0.310425 

0.150588 

■ 1.41200 

0.10000 


0.0000000 

o.ooooooo" 

0.0000000 




• 

7 

-0.0001706 

0.0002126 

-0.0002651 ■ 

-0.275384 

0.132815 

• 1.23100 

0.27616 


0.0000000 

0.0000000 

0.0000000 




t 

8 

0.0090262 

-0.0051723 

0.0029639 

-0.169154 

0.071942 

0.00000 

.0.08000'-' 

9 

-0.0086157 

0.00-49370 

-0.0028291 

-0.161461 

0.067534 

0.00000 

0.28000" 

10 

0.002409B 

-0.0013809 

0.0007913 

-0.053754 

0.005815 

0.00000 

'o'. 04000' 

11 

-0.0020919 

0.0011987 

-0.0006869 

-0.046663 

0.001751 

0.00000 

0.12131 

TOTAL B 

F 

C 

E 

P 

A 

. XL 


-0,0000160 

0.0000538 

-0.0001896 

0.000249 

-0.306055 

0.000000 

0.00.0000 

RAY 

X 1 

Y 1 

X IM 

Y IM TAN' X TAN Y 

TAN XY 



THETA » 0.034400 OEG 


1 

0.0000 

8.0000 

0 . 000000 . 

0.148912' 

2 

0.0000 

6.0000 

0,000000 

0. 148937 

3 

0.0000 ■ 

4.0000 

0.000000 

0.148936 

4 

0.0000 

2.0000 

0.000000 

0.148929 

5 

0.0000 

0,0000 

0.000000 

0.148920 

6 

0.0000 

-2i0000 

0.000000" 

0.148908 

7 

0.0000 

- 4 . 0000 ’ 

.0.000000 

0.1-48892 

8 . 

0.0000 

-6.0000 

■0.000000 

0.148805 

9' 

OhOOOO 

-8.0000 

0,000000 

0.148927 
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Since .piano e.lements aberration introduction is independent of element loca- 
tion in the beam, the 0. 0013 compensation can be introduced anywhere that 
will- extend the image plane to lens B distance by 0. 0013. 

VISSR Image Quality versus Secondary Mirror Alignment 

The VISSR image quality .as a function of primary-secondary mirror 
alignment was determined by geometrical ray tracing. An aggregate of 40 
rays distributed uniformly over the VISSR entrance aperture wasf usedv Field' 
angles (6) of 0, 0. 5, and -0. 5 mr were used. Decentering (DCY) cases-of . 

0. 002, 0. 004, and 0. 006 inch were computed. Axes X and Y are two orthogo- 
nal axes perpendicular 'to optical axis (Z axis). Field angles are in the YZ 
plane and decentering is along the Y axis. 

Table 3-6 is a tabulation of cases run and resultant image quality. 

Figure 3-12 graphically illustrates .image blur (95% energy) versus decenter- 
ing. 

If the secondary mirror is decentered by 0,.005 inch, the geometrical 
■image degradation is equivalent to Airy's diffraction disc for 0. 65 micron. 

Baffle Design Parameters • . ' ' , 

A»computer ray trace was run to facilitate tbe baffle design for the pri- 
mary-secondary mirror system. Rays were intro4pced in a tangential fan at 
a field angle pf theta = 0. 0844°. This angle was used so that the beam would 
be focused into the infrared channel relay optics wjiich.are located at an angu- 
lar displacement of 0. 00147 radian from the optip a?^;is in the horizontal plane. 
Ray height was adjusted so that the marginal ray would intercept the 'surface ■ 
of the primary mirror at 8. 000 inches along the positive Y-axis. This re- 
sulted in a corresponding negative Y- intercept of 7., 965 inches. The inner 
rays in the trace were determined by the requirement for intercepts with the 
scan-mirror at Y = ±3. 200 inches at field angle (;heta. In addition to the nom- 
inal ray trace, data were taken to simulate th'e effect of misalignment of the 
secondary mirror in the plane perpendicular to the optic axis. This consisted 
of decentering the coordinates pf the secondary mirror along the Y-axis by 
±0. 020 inch. 
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Table 3-6. Image Size vs Decentering 


Case 

100% Energy 

95% 

Energy 

Xj Y of Center 

DCY 

0 

AX 

AY 

Circular 

X 

Y 

(in. ) 

(mr) 

(in. ) 

(in. ) 

(in. ) 

(in. ) 

(in. ) 

0. 002 

0 

0. 00018 

0. 00023 

0. 00019 

0. 00 

-0, 0041 


0. 5 

0. OOOIS 

0. 00025 ■ 

0. 00020 

0. 00 ■ 

0. 0533 


-0. 5 

0. 00018 

0. 00018 

0. 00017 

0. OQ 

-0. 06l5 

0. 004 

0 

0. 00028 

0. 00044 

0. 00035- 

0. 00 

-0. 0082 


0. 5 

0, 00028 

0-. 00045 

0. 00035 

0. 00 

0. 0491 


-0. 5 






0^ 006 

’ 0 

0. 0004 

0. 00065 

. o; 00050 

0. 00 

-0. 0123 



0. 0004 

0. 00066 

.0. 00050 

0, 00 

0. 0450 


bh 

0, 0004 

0. 00058 

0. 00045 

0. 00 

-0. 0697 



Figure 3-12. Image Blur (/ir) for 95% Included Energy 
vs Decentering 
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To determine a satisfactory configuration for baffles, a set of fifteen 
plane surfaces was introduced between the primary and secondary mirrors. 

The intercepts of the rays with these surfaces along with the intercepts with 
the mirror surfaces themsel-ves constituted the necessary ray trace. Aper- 
ture (stop) dimensions were chosen after an initial fay trace and were adjusted.. 
so that the definitive rays (including those. for decentered data) would clear 
apertures nominally by 0. 005 inch. The resultant data were used to design 
baffles. 

Scan Mirror Dimensions 


Requirements . - The mirror is an ellipse “with an elliptical central hole. 
The stop of the system is the primary telescope mirror. 

Maximum dimensions for cledr apertures and the minimum dimensions 
to prevent ray obscuration or vignetting were established. The differences 
between these dimensions and those actually specified for the mirror repre- 
sent the allowance for manufacturing and alignment tolerance as well as extra ■ 
« • » 
space for edge rolloff. 



Maior Semi-Axis: 


Cannot be larger than 4. 122 inches (flat 
faced is used to this dimension) 


Cannot be smaller than 3. 918 inches (inter- 
feres with return beam if smaller). Rec- 
ommend 4. 020 inches (give 0. 100 inch for - , 
edge rolloff) 


• Minor Semi-Axis: Cannot be greater than'3. 158 -inches (flat 

• •• . face is used' to this dimension) 

. Can be smaller by as much as 1 full inch. 
Recommend 3. 058 inches 

Gives 0. 100 inch for 'edge rolloff, and 
leaves spaces for assembling and mount- 
ing secondary mirror approaches 
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'Outside Dimensions: 


Summary; 


Tolerances of the Thermal Channel Relay Optics 

To establish a tolerance basis for the relay lens, the following analysis 
was made. All radii were varied plus and minus 1% from nominal. All thick- 
nesses and spacings were varied plus and minus 0..005, inch from nominal. 
Third order callouts were made for all cases. 

The lenses were each decentered by 0.005 inch. Tangential fans. were 
run for these two cases. both off and on axis. The worst third-order case in- 
dicated a sum approximately 16 times that of the nominal. A tangential fan 
was also run for this case. The results indicate an image blur about 1/4 that 
of the diffraction pattern central diameter. 

The three radius tolerances (the fourth is plane) gave about the same 
amount of third-order contribution. The thickness tolerance on the first ele- 
ment gave no significant change. The thickness tolerance on the air space 
between lenses gave no significant change. The- thickness tolerance on ele- 
ment 2 introduces about*l/2 the contribution of the individual radius toler- 
ances. 


The minor semi-axis is 8, 0 inches for the 
axial aper'ture plus 0;042 inch for projected 
aperture shift plus 0. 100 inch for edge roll- 
off or 8. 142 inches. 

The major semi-axis subtends a vertical 
dimension.-of 8. 00 inches for the axial aper-- 
'ture plus 0. 003 inch for the projected aper- 
ture displacement. At the 40° inclination 
the rinajor .axis is 8.003/sin 40° or 12.466 
inches. Adding 0. 100 inch to this for edge 
runout amounts- to a 12. 5 66 -inch major 
semi-axis. 

Major semi-axis 12. 5 66 inches) ' 

Minor semi -axis 8. 142 inches) 

Major semi-axis 4,020 inches). , 

. o ■ 1 Vinner edge 

Minor semi-axis 3.058 inch--'* 


The thickness tolerance on- the filter and on the window introduced about 
the same contribution as the radii tolerance. 
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■ De centering elements gave no significant change in resolution. How- 
ever, .decentering did introduce a change in image height. For nominal, the 
height is 0. 00 96 relative to relay axis at the detector. With second element 
decentered, height is 0. 0134 or 1.4 times larger. Since the relay magnifica- 
tion is 0. 053/0. 0096 or 5. 5 tim'esj the infrared field edge at the primary 
image plane must be at: 

Nominal H at primary image - magnification X (height difference 
at relayed image) or 0. 053-5. 5 (0. 0134-0. 0096} or 0. 032 inches. 

This would make the lead edge of the infrared field 0. 121 from optic 

} 

axis, rather than the 0. 100 in design. If this difference is to be calibrated ' 
into the system, it is not significant. 

In reviewing the preceding results, we know that the individual toler- 
ances are large relative to manufacturing capability, and they caused no sig- 
nificant loss in performance. If these tolerances are held to good manufac- 
turing capability, the individual tolerance is of such a dimension that the 
accumulated aberration contributions do not exceed the worst case developed 
in our single tolerance. ' 

■ Holding radius tolerance to 0. 2% and the three critipal spacing toler- 
ances to ±0. 002 inch gives no more accumulated aberration than a 1. 0 % radius 
tolerance on a single surface. 

For decentering, if referenced to a fiorninal axis location, it is possible 
to reference the lens mount to within 0. 001 of this location, to reference the 
lens edge to within 0. 001 of the mount and the lens center to within 0. 001 of 
the lens edge. This guarantees a maximum of ±0. 003 decentering, which will 
give no measurable -loss of resolution. 

.. , A worst-case accumulation was run with contributions all additive in 

the same direction. 

All radius tolerances were 0. 2%, 

Thickness tolerance on lens A was 0. 005 inch. 

Air space lens A-B was 0. 005 inch. 

Thickness lens B, filter and window was 0, 002 inch. 
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The resultant ray trace indicated a blur circle of about 0, 00024 inch 
which is effectively no degradation of the image. Therefore, the above tol- 
erances, which represent reasonable manufacturing requirements, will be 

. . < 

specified on the drawings. 'The system' is shown in Figure 3-13. Notes 
summarize the tolerances. 



Lens A (Part #44116) 

Rj = 6. 024 toler 2 ncc ±0. 2% 

Test plate fit 3 rings spherical, 

1 ring irregularity; centered 
clear aperture diameter 0,718 
Thickness 0. 100 tolerance ±0. 005 
R 2 Hat - test plate fit 2 rings spherit 
cal, 1 ring irregularity; centered 
clear aperture diameter 0.712 
Centering tolerance 3 minutes of arc 

Spacing Lens A to Lens B 0. 020 
tolerance 10..005 

Lens B (Part #44118) ' 

= 0. 708 tolerance ±0, 2% 

Test plate fit 3 rings spherical, , 

1 ring irregularity; centered 
clear aperture dianietcr 0. 688 
Thickness 0. 100 tolerance xO. 002 
R 2 = 0. Bl2 tolerance iO. 2% 

Test plate fit 3 rings spherical, 

1 ring irregularity; centered 
clear aperture diameter 0. 624 
sag to flat 0. 068 ± 0. 005 
Centering tolerance 3 minutes of arc 

Spacing Lens B to Filter (C) 0. 275 

The filters location has no effect 
on image quality. Location toler- 
'ance is only determined by clear 
aperture requirements. Can ne 
-0, 050 + 0.200 


Filter (C) 

Both sides flat 2 rings spheri- 
cal, 1 ring irregularity; thickness 
0. 080 tolerance ±0. 002; centered 
clear aperture 0. 464; wedge toler- 
ance: surfaces parallel to 0. OOOS 

Spacing filter (C) to window (D) 

0. 280. Location of window has no 
effect on image quality. Location . 
tolerance is determined only by 
aperture requirements. Can be 
- 0.010 + 0 . 020 . 

Window (D) 

Both sides flat to 2 rings spheri- 
cal, 1 ring irregularity, thickness 
0. 040 tolerance ± 0. 002; clear ■ 
aperture diameter 0. 140 
Wedge tolerance - surfaces par- 
allel to 5 minutes of arc. 

Distance Window to Detector 0. 120 

'This spacing doesn't affect image 
quality as long as the sum of the 
‘three air spaces from Lens B to 
the Detector are constant. 


Figure 3-13. IR Relay Sketch 
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Thermal Channel Bandpass Filter 

The thermal channel bandpass' is specified as .10. 5 to 12, 6 microns' 
and is determined by the' optical bandpass filter., spectral effects of the AR 
coated gerrnanium and.lrtran 2 lenses-j and second order effects of the de.- = 
.tector Spectral’ 'response. Spectral effects -of these elemeiiits other than the 
'bandpass filter are shown in Figure 3-14. The AR coatings for the gernia- 
■nium lenses are peaked at 12 microns due to the intrinsic absorption char- 
acteristics of germanium. 

The bandpa s S-. filter response' is decreased approximately 0. 05 micron 
by the second order effects shown in Figure 3-14. The'bandpass filter cut-on 



Figure 3-14. 'Spectral Characteristics of "VISSR Optical. 

Components {Excluding Bandpass' Filter) 
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* ‘ 'V. 

’ - “ fci * 

and cutoff wavelengths (transmittance of one -half the peak value), are specif/ 
fied at 10,. 5 ^q* ^ und 12. 6 "^q* j microns. . 

Sensitivity to Thermal Gradients 

Two areas are discussed: 

1. The criteria for a permissible change in temperature gradient 

ATpri_sec ^"^pri-spac thermal channel performance • 

operation. 

• 2. The initial temperature gradients between the primary mirror and 

the secondary mirror, and between the primary mirror and tele- 
scope spacer that can be 'compensated for by the visible and ther- 
mal channel focus adjust drives. 

The thermal channel .performance depends on temperature gradients in 
the VIS^R telescope and relay optical systems. All temperature gradients 
will be relative to the telescope primary mirror. The image degradation, 
due to telescope and relay system temperature gradients is approxi- 
mated by 


= 1-4. OSATsp g.- 0 . 84 AT 3 - 0 . 065ATj^^ - 3. 28ATj^ - 0- 38 ATl^| (3.-1) 


where ~ image blur (due to gradients) in rnicroradians 


ATgp g = primary mirror temperature minus telescope spacer . 
temperature 

ATg = primary mirror temperature minus secondary mirror 
temperature 

ATjl,j = primary mirror temperature minus spacer between pri- 
mary mirror and relay lens temperature 

ATr = primary . mirror temperature nainus relay lens tempera- 
ture 

ATjL,^ = primary mirror temperature minus spacer between relay 
lens and detector temperature 

All temperature differences are expressed in °C. 


The thermal channel IGFOV is 250 pr and the image blur,' excluding 
temperature gradients, is 210 pr. If we assume 'that a total image blur of 
25 0 pr is permissible and the image degrading factors are independent, the 
image blur due to temperature gradients is given by 
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= 'JzSQi^ -210^ = 136 jjir 

■■ Therefore, the tolerable temperature gradients in telescope and relay optical 
systems Can be expressed by 

1-4. OSATsp ,g - 0. 84ATs - 0. 065 ATl^ - 3. 26ATj^'- 0. 37ATl'^1^136 .(3-2) 

. . ■ The preceding equation gives image degradation due to temperature 

• gradients referred to an in-focus isothermal system. However, the same 
equation is applicable to image degradation resulting from a change of tem- 
perature gradients; wherein, the system was initially in-focus with an initial 
set of temperature gradients. In this case, the AT is defined as the change 
of temperature gradients. 

An example to illustrate this would be; For an initially ‘focused system 
assume ATg = -4°C. This states that the secondary mirror is 4®C colder 
than the primary mirror. Now assume the system is changed, perhaps by 
going into an eclipse, and the result is ATs = -20“C. The value of ATg to 
be used in the equation is the change or ATg = -20 - (-4) =.-16°. . • 

Thus, using the definition of temperature gradient change for-AT,'‘s;, 
equation (3-2) can be used to obtain permissible change in terhperature gra-7 ' 
dient and is the answer for item (1). ’ 

The relationship between image degradation, 3-nd defocusing; AF, . 

is expressed as 

% "Tf7#)F . . . 

■ where f/# = system focal ratio • ■ 

f = system focal length 

Furthermore, the image degradation for the visible channel due to 
temperature gradients is given'by 

■ = 1-4. 08ATgp_g - 0‘. 84ATglpr (3-4) 
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Thus, the focal shift drive motion, AFj^, required to compensate for initial 
temperature gradients is related by the following expressions: 

Visible Channel . - 

= (-3. 35AT3p s " 10“^ inch (3-5) 

Thermal Channel . - 

AFm = (0.,017ATSp_g - 0. 022ATS - 0. OOlTATx,^ 

- 0. 086ATr - 0. 010ATl^)X 10"^ inch (3-6) 

The total active focus drive mechanism range is 

±0. 100 inch for the visible channel 
±0. 080 inch for the thermal channel 

A portion of this focus range is allotted for initial assembly and align- 
ment of. the VISSR optical system. The remainder may be used to correct 
for thermal gradients. The rerriainder consists of 

±0. 070 inch for. the visible channel 
±0. 050 inch for the thermal channel 

Therefore, limits can be set on equations (3-5) and (3-6) which indicate the 
maximum temperature gradients that can be compensated for by the active 
focus drive 'mechanism. For the visible channel, the expression is 

- i-3. 35ATsp_g - 0. 69ATsl^ 70 (3-7) 

and the equivalent expression for the the'rmal 'channel is 

i-0. 107ATsp 5 - 0- 022ATs'- 0- 0017 ATl^ 

-0. 086ATj^ - 0. OIOATl^I ^ 50 . . (3-8) 

Equations (3-7) and (3-8) represent the total maximum temperature 
gradients that can be accommodated by the active focus drive mechanism. 

If the. range is used in the initial focusing then any subsequent change must 
be in the opposite direction or the drive mechanism will not be able ‘to ac- 
commodate the change. - ■ ' ; • 
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Reflective Coatings 

As indicated in previous reports, a question exists concerning the dura- 
bility of enhanced coatings when applied to the finished electroless nickel- 
plated beryllium optical elements. The problem is related to the limited 
substrate temperature that. can be tolerated when applying the coatings. 
Temperature required to obtain reliable coatings may distort the final mir- 
ror figure. The compromise solution is to use aluminum with an oxidized 
silicon monoxide overcoat.. These coatings are applied at substrate temper- 
“atufe less than 200°F. The disadvantage is that this coating has lower re- 
flectance in the visible region; it will result in a 20% signal loss and 10% 
signal-to-noise loss in the VISSR visible channels. The reflectance in the 
thermal channels will be almost equivalent to that obtainable with the en- 
hanced coatings. 

Mr. John Osentowsky of NASA/GSFC has. generated a suggested optical 

( 

coating process specification for silicon monoxide (SiO) protected alurriinum^ 
(A1 + SiO), ^ This is shown in Table 3-7. ‘ - - , 

Based on preliminary analysis, it appears that the SiO overcoat thick- 
ness should be thicker for the scan mirror (operating at 45°’) than for the • • 

primary and secondary mirrors. Using optical constants' for A1 from the 
American Institute of Physics Handbook 2nd Edition (see Table 3-8) and ' 
refractive index of reactively deposited silicon monoxide as 1. 50, the re- 
flectance for the Al-SiO was calculated and is plotted in Figure 3-15. 

The optimum thickness of silicon monoxide is 0.2 micron for the pri- 
mary and secondary mirrors and 0. 24‘micron for the scan mirror as indi- 
cated by the reflectance calculations. These values have .been confirmed by 
* * • . * • 

• test coating runs before being used on the VISSR beryllium elements. 


1 
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Table 3-7. Optical Coating Specifications for VISSR Optics 


1. 

Coating selected - Silicon oxide (SiO) protected aluminum (Al + SiO)^^) 

2. 

Aluminum 


a. 

Deposit at a rate > 300 A/sec at 10"^ Torr or less 


b. 

Starting material ^9. 99% purity or better certified 


c. 

Aluminum sources to be shuttered until vaporize. Mor. stage 
reached 


d. 

Thickness 800A - lOOOA 

3. 

SiO 



a. 

Kemet Company selected grade or equivalent (certified) 


b. 

Reactively deposit SiO at approximately 8X 10"^ Torr oxygen at 
3-5 A/ sec 


c. 

Thickness X /2 at 6000A 

4. 

Preparation of mirrors for Al + SiO coatins 


a. 

Mirror cleaned with GSFC supplied procedure or equivalent 


b. 

Dust cont'mination of surface must be avoided before optics placed 
in vacuum chamber 


c. 

DC glow discharge clean mirror just prior to deposition of opti- 
cal coatings 


d. 

Pre-deposit X/4 (at 5500A) on mirror. This provide^ an 

electrochemical barrier between aluminum film and metal sub- 
strate: also improves adherence . ' 


e. 

SiO then deposited per items 2 and 3 above 

5.. 

uv 

irradiation of mirrors after coatinq(^) 


a. 

Irradiate mirrors in air with Hanovia 7520, 435-W quartz lamp 


b. 

Irradiation time required is approximately 5 hours with a lamp 
to mirror separation of about 20 cm 


c. 

Large mirror should be illuminated ?.s uniformly as possible' 

6. 

Tliickness and reflectance uniformity 


a. 

Test depositions to be made on 2 in. sq. or 2-inch diameter glass 
samples located to simulate large VISSR mirrors 


b. 

Tests to demonstrate that coating thickness is unifornri to 
.2:100 A/sec and reflectance uniform to ±5^0 


c. 

Test samples to be retained for future reference or testing 

7. 

Reflectance acceptance test 


* a. 

■Acceptance will be based on the reflectance of test samples coated 
with each mirror 


b. 

Samples, provided with mirrors, must receive same treatment: 
i. e. , cleaning, etc. ' _ . ■ 


c. 

Minimum acceptable reflectance 87% . 


(1) Applied Optics g, 33-5 (1970). ' . 

(2) This film IS true SiO: i. e. , deposit at low pressure and a rate of approxi- 
mately 30 -A/sec. 

(31 J. Cpt. Sov'. Am. 1089 (1963), 
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.Table 3-8. Aluminum Optical Constants 


• mh) ■ 

- 

R 

6. 546 . 

‘ 0- S2 . 

5.99 ■ 

0.578 

■0. 93 

6... 3 3 

0. 650-. 

1_. 30 

•7. 11, 

0. 700 

’ 1.55 ■ 

o 

o 

0. 750 

1. 80 

■ 7. 12 



Figure 3-15. Spectral Reflectance of Al-SiO 

(Average Over 0. SSp-O. 75p Band) 
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Since the VISSR system does not require any near ultraviolet sensitiv- 
ity and indeed its short-wavelength band edge is near 0. 5 micron, the ultra- 
violet irradiation which enhances the near UV reflectance is not required, 

Opticail. Coating Laboratory, Inc., 'coated the mirrors for both Tinsley 
Laboratories and Perkin-Elmer Corporation. SBRC has modified the optical 
system specifications (SBRC 18761) regarding the coating requirements. The 
specification is a performance specification rather than a process specifica- 
tion. 
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VISIBLE RELAY SYSTEM 
General 

The visible relay system detailed design uses a ten-element linear 
fiber array; one end cemented to the face of a 45° - 45° - 90° glass prism 
located at the telescope prime focal plane. The prism represents a conven- 
ient way to make a sharp fold in the ray path without necessitating a short 
■radius of curvature in the fibers. The fiber ends effectively disappear in'the 
cemented interface because the refractive indices of fiber, cement, and- 
prism are comparable. This minimizes the criticalness of the fiber polish 
and flatness. The front surface of the prism will have an -antir reflection 
coating'and the reflecting surface will function by total internal reflection. 

The two end fibers in the linear array are used for alignment purposes. 
They are illuminated by an auxiliary lamp and serve as a convenient means 
of identifying the VISSR optical system aids. 

Detailed Design 

The following critical optical areas required optimizing during the 
detailed design. 

1.- Transmittance 
■ 2. Decollimation effects 

3. Spurious radiation 

4. Fabrication limitations 

Transmittance of the fiber o.ptics ass.embly is optimized by 1) anti- 
reflection coating of the first prism surface, utilizing total internal reflec- ' 
tion at the prism hypotenuse (material refractive index of 1. 85), and 2) min- 
imizing the surface reflections by effectively immersing the prism and fiber 
surfaces in EPO-TEK 301 epoxy. 

The optical filtering has been combined with the fiber optics assembly 
by cementing a sharp cut color glass on the fiber exit end. Corning Glass 
No. 3484, or equivalent, is used for the fiber end block and results in a 
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short-wavelength cut-on point at 0. 53 micron,. The long-wavelength cutoff " 
is determined by the photomultiplier spectral sensitivity, • ■ 

The fiber transmittance, with end reflection losses as a function of' 
fiber length, is ’illustrated in Figure 3-16, It indicates that the fiber length 
should be minimized fo,r maximum transmittance. However, decollimation 
effects caused by bends in the fibers must be considered when routing the . 
fibers, . • 



The VISSR telescope operates at f/7; therefore, the incident beam at 
the fiber front end is f/7. Broadening occurs as a result of defects in the . 
fiber, fiber bends, and surface' imperfections; thus making the exiting f/# 
smaller. 

A series of measurements was .made with- a square single fiber .to de- 
termine the decollimation effects as a, function of bend radius and length'of 
bend arc. The results are graphically illustrated in F.igure 3-17. An f/7 
input was used throughout the measurements. Extrapolating the data in 
Figure 3-17 gives a relative percentage of energy 'contained in an f/4 exit 
solid angle for a 180® arc as a f-uriction of bend curvature. This is plotted 
in Figure 3-18. 
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Figure 3-17. Signal vs Bend Arc Length aS’ a Function of 
• Fiber Bend Radii {ill Input with f/ 4 Output) 
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Figure 3-18, Relative Signal vs Bend Curvature for Arc 
• Length of 180° {f/ 7 Input with f/ 4 Output) 
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No de coll imat ion effects were in excess of f/3 exit solid angle for any 
of the measurements using an f/7 input’solid angle, curvatures (1 /radius) 
between 0 and 2 . 0 inch"^ and arc lengths of 0° to 75°. 

The VISSR fiber optics assembly restricts the fiber curvature to less 
than 1. 33 inch"^ (0.'75-inch radius) and the longest fiber is 14. 0 inches. 

Spurious radiation or crosstalk can result from several causes. Fig- 
ure 3 -.19 illustrates one potential source. Light rays from im^ages formed 
outside the fiber face can reflect off the cement surface, and enter the fiber 
• through the cladding. At steep .angles, the ray will exit through the cladding 
on the opposite surface. However, at lesser angles they will be conducted 
with the fiber- cladding unit and act as a single fiber. This is also true of 
imaging forming rays that are incident ph'the cladding area. This source of 
spurious energy can be minimized by placing an absorbing surface, such as 
potting compound, in intimate contact with the fiber bundle for some distance. 
The absorbing material provides an efficient sink for energy being transmitted 
in the cladding. 

Fiber defects at the common end can result in light being scattered into 
other fibers. The absorbing potting compound minimizes this source of 
crosstalk. 
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Since the prism is bonded to metal, the metal-prism interface could ' 
have appreciable reflectivity. -Initially it was. assumed .that the metal surface 
could be chemically blackened. However, the fiber manufacturers indicated 
that it was necessary to polish the metal and fiber ends after the fibers. are • 
bonded into the metal. Thus, the chemically blackened surface would be. . '• 
polished off leaving a shiny polished metal surface. *• . 

The initial fiber optics assembly used a black Armstrong A-12 epoxy- ■ 
encapsulation technique. There was partial delamination of fiber s -EpoTek 
301 -prism bonds. This was attributed in part to the black A-IZ encapsulation, 
interface. Subsequent units have polished, shiny metal -EpoTek 301-glass 
configurations. • . • . 

The crosstalk problem noted is covered in the crosstalk specification, 
which is part of the fiber optics subcontract. The specification is .as follows. 
When one fiber is illuminated (common end), the energy at the termination 
end for .each of the other fibers (1 through 8) "shall be less than 1% of the 
•energ'y transmitted in the illuminated fiber. • When any seven fibers 1 through 
8 are equally illuminated, the energy at the termination end of the unillumi- 
nated fiber shall not be more than three times the value that occurs when any 
one adjacent fiber is illuminated rather than the seven. The fiber optics 
assemblies as built m'eet this crosstalk specification. 

PMT Enhancement 

The PMT enhancement technique has been described in "Volume 1 of "the- 
Second Quarterly Report compiled for the Detailed Design Review. Due to the 
greater than anticipated decollimation effects of the. fibers, the effective i/i 
incident on the PMT enhancement prism will be f/3 rather than f/4. Thus, 
the complete optical beam will have three encounters w-ith the photocathode 
rather than four as indicated' in the above referenced report although a major 
portion of the beam will still have four encounters or more. 

The following design requirements and^constramta. were assumed. 
Damage to the photomultiplier can occur if the irradiated level is sufficiently 
high. To eliminate thi's possibility, energy exiting the fiber optics in an f/4 
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bundle will irradiate a photo c^ithode surface area of 3 X 10“^ minimum. 

'•’To rhaximize the signal, the enhancement mechanism will accept an f/1. 5 
bundle (in air) for first impingement on the photocathode and an f/4 bundle 
(in air) will strike the photocathode at least three times. 

•The selection of f/4 and f/1. 5 bundles was based on fiber optics beam 
divergence measurements illustrated in Figure 3-20, since:the fiber optics 
are irradiated by the telescope with an i/1 solid'angle and the beam diyer^' ■ 
gence caused by the fibers, as illustrated in Figure 3-20, shows that an' exit ' 
solid angle- of f/4 contains 95% of the energy in an f/1. 5 solid angle. Further 
more, since an f/4 exit angle in air converts to a 5° half-angle in glass and 
the enhancement literature indicates gain curves that are relatively flat for 
about 8° either side of the peak, it is not necessary to have any collimating 
optics between the fiber and the PMT enhancement prisrn. 

The final design of the PMT enhancement used the EMR photomultiplier 
parameters. The dimensions are as follows: 

Faceplate thickness' ■ = 0.050 inch-- 

Photocathode diameter = 1. 00 inch 

Tube face diameter = 1. 38 inches ' - ' - ' 

* Angle of incidence for 

maximum sensitivity =65° 

Figure 3-21 illustrates the PMT end assembly. The fiber is cemented 
to a glass filter block (B). The exit face of the block is brought near a 25°- 
65°-90° prism (A) cemen'ted to the PMT faceplate. 

The upper ray of the f/2. 25 bundie will strike the prism' face arid be 
reflected to the photocathode'. This gives a smaller prism base, which pre- 
vents the f/6 bundle from re-entering the prism. 

The upper ray of the f/6 bundle is at 69° 45'. The space between 
bounces is 2t tan B where t is tube thickness or 0. 050. Since tan 69°45' is 
2.710, 0. 271-inch intervals occur between bounces for this ray. 
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Physical contact can be made on top surface of prism for a length 0. 050 
from right angle corner 

Physical contact can be made on surfaces 4 and 5 of prism 
Physical contact can be made on surfaces 3, 4, 5, and 6 on block 
'3 .Prism sides and top are coplanar with block sides and top to 
within ±0, 005 

2 Prism centerline to coincide with tube diameter within ±0, 005 
lateral displacement and within 2° angle 

1 Prism cemented to PMT with cement index of 
refraction 1 . 5 
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The first bounce for this ray occurs at 0. 183 inch from the photocathode 
edge. Three more bounces use 0. 271 X 3 = 0. 813 inch. So there are four in- 
cidences in 0. 996 inch or within a cathode diameter. 

For the lower f/6 ray, a 60° 15' incidence angle and 0. 175-inch interval 
occur between bounces. First incidence occurs at 0. 060 inch from the cathode 
edge. The original incidence plus five bounces uses up 0. 945 inch for six 
impingements on the photocathode. 

The 25° -65° -90° prism was chosen to permit a ray bundle with an axis 
normal to the surface to pass through the faceplate and impinge on the photo - 
cathode at 65°. No loss occurs at the cemented interface because the refrac- 
tive indices of the prism, cement, and PMT faceplate match. 

Figures 3-22 and 3-23 give details of the PMT enhancement prism and 
the fiberglass block. 
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5 Linear tolerances ± 0. OOZ. 

4 Angular tolerances ± JO minutes of arc. 

3 Surfaces 4 and 5 fine grind and Cat-a-Lac Black. 

2 Surfaces 1, 2, and 3 optical polish flat to one fringe 



Figure 3-22, Prism for Attachment to PMT in VISSR 



2 

i 


Angular tolerance 10 min of arc 
Linear tolerances ± 0. 002 

Surface 2 HEA coat for max transmittance (0. 9S min) 

across 0. 5- to 0. 7S-micron band 

Break all corners 0. 005 max 

Fiber cemented normal to Surface 1 within 1° 

Surfaces 2 and 3 optical polish flat to 1 fringe 
quality 60-40 per MIL-O-13830A 

Surfaces 3, 4. 5, and 6 fine grind and Cat-a-Lac black 
Material Corning Glass 7056 


Figure 3-23. Block Details 
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The optical system considered for VISSR is moderately large and near 
diffraction -limited. The spatial resolution of the idealized theoretical design 
can be degraded by many factors. These factors have been considered and 
are- minimized wherever, possible to achieve the required optical performance 
The factors considered were: 

r. , Scan mirror figure ' . 

2. Primary mirror figure 

3. Secondary mirror figure 

4. . Telescope residual geometrical aberrations 

5. Primary- secondary mirror alignment 

Axially - along optical axis 
Laterally - perpendicxiLar to optical axis 
■ Tilt 

6. Misalignment of field stops in focal plane 
. 7.. -Aperture diffraction effects 

8. Thermal effects 

a. Different forms of beryllium have different thermal expansion 
coefficients 

b. Thermal gradients parallel to optical axis 

c. Beryllium anisotropy - thermal expansion coefficient is direc- 
tionally dependent ' • 

d. Bimetallic strip effect - beryllium and Kanigen electroless 
nickel have different thermal expansion coefficients 

e. Thermal channel^ isotemperature and temperature gradient 
effects - associated with the infrared channel 

f. Thermal gradients in VISSR optical elements with effect on 
optical system behavior 

9. Stresses 

a. Residual stresses - in the beryllium mirror blanks 

b. Electroless nickel plating stresses stress levels induced by 
the Kanigen electroless nickel plating 

10. Spatial error resolution budget 
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The following summarizes considerations taken for some of these 
items.- 

1 . Scan Mirror Figure 

An analytic expression for image degradation, is derived. The 

derivation assumes that the mirror surface deviates from an idealized plane 
and is a spherical surface of large radius. 


The focal length, F, of two mirror systems can be approximated by 

(3-9) 


J 1_ J_ 

F “ f f 
sc o 


or 


F = 


^o ^sc 
^o ^sc 


L.et Iq = focal length of Primary-Secondary mirror system 
= focal length of scan mirror 


By differentiation 


^o^^sc ^sc^ ^sc 


AF = 


‘fo ^sc 


(fo +fgc)' 


(^o ^SC ) 


Since' fsc f 


AF 


^ fsc 


,f 


sc 


(3-10) 


(3-11) 


The scan mirror is oriented at an angle, 0, with respect to the tele- 
scope system. Thus 


• Af 


fsc 


sc COS0 


- f^„ cos 0 


(3-12.) 
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• -This corresponds to the two astigmatic images formed by a spherical 
mirror operated off axis. If we assume the. scan mirror and telescope com- 
bination is focused, such that, the minimum blur circle is used, the angular 


image degradation, 


_ AF _D_ 

■ E 'fo f'o 


(3-13) 


where image degradation (linear) 


therefore 


9 


2f 


AF D 
2 f 


D , 1 ^ 

( 0.- COS 0) 

sc cos. 


(3-14) 


since for a spherical surface 

f 


^sc 


^sc _ ' (1, 414D)^ 


4x 


4x 1 6x" 


I6x- 


where 1.414D gives scan mirror major axis- -dime ns ion. Thus 

- cos 0 


„ 2x / 1 

Ir\ TO 


'•D D \cos 0 


( 3 -. 15 ; 


where x is the scan mirror deviation from a plane and since 0 ~ 45° for the 
present system 

2. 83x 


8 




D 


(3-16) 


If it is assumed that there is no refocusing of the telescope system, would 
be larger by a factor of three. 

2/3. Primary-Secondary Mirror Figure ‘ ■ 

The simplifying assumption made in the derivation given below is -that 
the ideal mirror surface has superimposed on it a spherical component and 
that the focal plane is not ‘adjusted to correct for it. 

The system can be treated as if two mirrors are present. Thus, 


f = 


f f . 
o e 

f + f. 
e o 


(3-17) 
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where - focal length of ideal mirror figure 
f^ = focal length .of surface figure erroj 


Af = f 
. o 


f f • 
o e 

f + f 
e o 


f 

o 


f + f 
o e 


where f^ « f^ 


Image degradation is given by 


and 


Df, 


Af “ fo 
Df^ 


16 IqX 




For a spherical surface 

f^ 


R 

e 

2 . 


a 


d2/16x 

D 

i 2 2 

•_2 

...+Y. y 

D 

2x ^4x 

1 6x 



1 6x 



Id 


D 



( 3 .- 18 ) 


■ (3-'l9) 


(3-20) 


4. Telescope Residual Geometrical Aberrations 

The telescope residual geometrical aberrations are calculated using a 
computer program that traces rays through the optical system for prescribed 
field angles and plots X-Y image spot diagrams. 

5. Primary-Secondary Mirror Alignment 

The effect of axialj lateral, and tilt misalignment of the primary and' 
secondary mirrors are calculated in an exact manner using the computer 
trigonometrical ray trace program mentioned above. 


The axial separation rhisalignment effect is approximated by the use of 
Gaussian first order equations-as shown below. The back focal length, BFD, 
is given by 

f (S '-f ) 

BFD = 

• p-s p s’ 


SANTA BARBARA RESEARCH CENTER 


.3-50 



SBRC 


where £g = secondary mirror focal length 

f = primary mirror focal length 
P 

Sp_g = priip.ary- secondary mirror spacing 


Differentiating with respect to Spj.g 
' . ’ d(BFL) ^ ^s 

as. 


+ 


f f -f s 

s p s p-s . 


'P-s Sp_3-fp.f, ■ (Sp.3-fp-£^r 


Simplifying by collecting terms 

a (BFL) 


-f. 


SSp-s 




P-s "p 

and system effective 'focal length, EFL, is given-by 


EFL = 


fsip 


fp+fs“Sp_ s ,■ 


and by defining magnification, M, by 


M = - 


EFL 


(3-22) 


. . (3'v2'3) 


(3-24) 


then 


aBFL 

^ 

°^p-s 


6 . 


(3-25) 


Misalignment of Field Stops in Focal Plane 
This effect is simple defocusing. For example, the field stops- are not 
located in the focal plane of the telescope. 

If the defocusing magnitude is denoted by AF^j the angular image degra- 
dation is given by 


AF 


- 


D (f/#)fo 


(3-26) 


7. Aperture Diffraction Effects 

The diffraction effects have been calculated using a computer program 
which assumes a round aperture with a centrally located obscuration. Figure 
3 -24 is a graphical representation of the diffraction effects. 
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Figure. 3-24. Diffracted Energy as a Function of Aperture, 
Obscuration, and Wavelength 


i * 

■ Thermal Effects 

The following thermal effects have been considered; a) isotemperature 
system with materials having differing thermal expansion coefficients (O'), 
and b) thermal gradients parallel to the optical axis." 


During the preliminary optical design phase several alternate -approache 
were explored. These included the so-called two mirror and three mirror 

* ' f 

designs. Expressions based on first order (Gaussian) equations were dev.elr, 
oped for both systems to cover items a and b above. " 

8a/8b. Two Mirror System - This system is schematically shown 
in Figure 3-25. The symbols used are shown in the figure. 

Defining the defocusing (F) as: 


Differentiating 


F = BFL - Sg_f 


^ _ dBFL 
dT " dT 


dSs_f 

~d^ 


(3-27). 


(3-28)' 
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However, the back focal length (BFL-) is a function of fp, Sp_g and fg. There- 
fore, • ‘ • 


dBFL, _ aBFL aBFL 5BFL 

dT afp dT aSp.g dT ^ afg dT 


and 


and it can be shown that 


BFL = 


^s(Sp.s-V 

Sp-s-fp-fs 


55FL _ ^7 


(3-29) 


(3-30) 


(3-31) 


= -m2 

SSp_s 


(3-32) 


aBFL 

&fc 


= (M-t-l)2 


(3-33) 


where 


M = - 


EFB 


(3-34) 


and EFLr = Effective focal length of system. 
Since 


dfp 

dT ~ °P^P 


(3-35) 


dS 


p-s 


dT “Sp_s Sp_g 


(3-36) 


then 


^T - 


(3-37) 


dF 2 2 -2 

— = M o,^fp-M o^Sp.s^P-s “sfs-°^Sg.fSs.f (3,38) 


An extension of the above equation gives defocusing (AF) caused by 
temperature gradients along the optical axis. It is assumed that some ■ 
"average” temperature can be assigned to each element. 
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AF = M^0!pfpATp-M2Q;Sp_^Sp_sATSp_g + (M+D^oSsfgATs 

-OiSg.fSs^fATslf -• . '■ (3-3'9) 

8c. Beryllium Anisotropy. - Commercially hot. pressed beryllium' is aniso- 
tropic. The uniaxial pressing results in a nonrandom orientation of beryllium 
crystallites. Beryllium single crystals are hexagonal in shape with thermal 
expansion coefficients ^ ' given in Table 3-9. ' 

Table 3-9. Thermal Expansion Coefficients per °Cj. Single Crystal Beryllium 


■ Temperature • 

“11. 

“1 ■ 

1/3 (a|j + 20 !x) 

250°K 

7.4X10-^ - 

10. 6X 10-^ 

9.5X10'^ 

300“K 

9. 1 

12. 6 

11. 43 

• 350°K . 

10. 2 

13. 9 

12. 7 


W. Goggin of Perkin Elmer Corp^ and R. Maringer of Battelle Memorial 

3 * 

Institute’^ have quoted that longitudinal and radial expansion coefficients vary 
as much as 7. 7% for the commercially available hot pressed beryllium. Paul 
Winslow^ of Hughes Aircraft Company has measured Z% to 5% variation. 


Due to this anisotropyj the figure of optical components will be modified 
as a function of temperature. An analytical approximation is given below. 


Let and Oi^ be the thermal expansion coefficients perpendicular and 
parallel to the mirror optical axis (which is also the pressing axis). The 
mirror focal length, f, is approximated by 


f 


2 


X_ 

4x 


where y is the radial distance from the optical axis and 
X is the surface sag at y 

By partial differentiation 

df 5f dy df dx y^ 

3T = dT = 2x “rV - 3? "l’' 

= - “l' - “l' 

^American Institute of Physics Handbook, 2nd Edition, p 4-68. 
^Private communication. 
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If expression reduces to 


dT . 


= fa 


which is the expected result. 

The quantity, , consists of two parts. One.part is the focal length 
change due to the anisotropy, The other portion is due to the • 

finite value of thernaail expansion coefficient, = a.j^ ^ 0. Since the SMS/ 
VISSR system, is ail beryllium the second component, ^ should be sub- 

tracted out. 

The beryllium housing is expected to oe sheet beryllium formed in a 
cylinder and thus its effective thermal expansion coefficient relative to the ' 
mirror is unknown. Three cases will- be considered. They consist of" letting 
the spacer .O' be 0 :^^, and (I -Ah expression for (df/dT), is 

given for each of three cases: • 


Case I using Oi 


R 


3f)i 


Case II using ct^ 


■df 




Case in using (1 /3) 


dT 


=(4/3)f(ag-aj. 


The image degradation, due to a temperature difference, AT, is 

given by 


9 




Id 


an) f 


and the surface deformation is given by 

e 


AT D 


AX = 


1 


16 (f/#) f 
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Primary mirror is f/2. f=40, D=l 6 ^ letAT=15°C, = 

0. 077 X 11. 3 X 10-^. . • 


For Case I 

f(cejR-<yL, )AT ^ Q. 07 7~ xji/s'-'x 10 ~^‘ y 15 


6 


^ c -> \^ 1 n-6 


AX = 


2. 5 

5. 2 X 10“° X 16 


16 


16 


= 5.2 X 1 0“6 rad 


= 5. 2 X 10-6 ^ 


For Case II 


=10.4 X 10~6 radians 


AX = X/2 •• 


For Case III 

=' 6 . 9 X 10“ 6 radians ' 

- AX = X/3 

8 d. Bimetallic Strip -Effect - The bimetallic deformation for a-Kanigen nickel 
plated beryllium flat plate approximating the. primary mirror dimensions has ' 
been calculated. The nickel plating was assumed to be 0. 005 inch thick on one 
sideband 0, 001 inch thick on the polished surface.’ A uniform temperature 
change of 10°C was assumed. Summarizing the results, the calculations indi- 
cated less than X /10 deformation where X = 0 . 5 micron. Detailed calcula- 
tions were presented in the Second Quarterly Report prepared for the De- 
tailed Design Review. 
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8e. Thermal Channel Isotemperature and Temperature Gradient Effects - 
This consideration is principally concerned with temperature effects relative 
to the thermal channel relay optical system. An expression is given for the 
temperature dependency of the thermal channel focus. ' The expression as- 
sumes that the two-relay lens system is replaced with an equivalent thin lens. 
The following quantities are defined: 

Spacing between prime focal plane and rel'ay lens 
. . Li 2 Spacing between relay lens and thermal detector 
dj^ - Distance’from relay lens to image plane 
fj^ - Focal length of relay lens 
dn 

- Lens material's rate of change of refractive in.dex with tempera- 
tur e . , 

The change in Lg is somewhat more coihplex to assess because it will 
be affected by the radiation cooler temperature in addition to the scanner 
temperature. 

^2 == - LrC ' • . ■ 

where Lg^^ is the dimension associated with the scanner and Lj^^g is the 
dimension associated with the radiation cooler. 


dT ~ d7^ 


d.. 2. 




R 


• FT- 


R dn 


dT 


- (^SC^Lg^g-LRc^Lpr^ 


RC‘ 


As before, an "average" temperature can be assigned to each of the 
elements giving: 




d- ^ _ 

■AF = - -^ LiGt ATt +— 9 

do'^ 1 


fR^R-- ^ 


% dn '' 
n-1 dT 


AT 


R 


- (LgC^Lgc - LRcttLj^C^TLRC^ 

8f; Thermal Gradients in VISSR Optical Elements with Effect on Optical 
System Behavior - A firsr-order worst- case analysis has been made of ther- 
mal gradients in the VISSR scan mirror, primary mirror, and secondary 
mirror. Thickness and facial gradients have been considered. 
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Geometric blur circles have been examined, as have focal plane shifts 
for the locations of minimum blur circles. 

In order, to .assure worst-case conditions, all pertinent data have been 
used at the most unfavorable' value in the range of uncertainty. Wherever ' '■ 
such ranges could not be established, unfavorably exaggerated values were 
assumed which fell well beyond the anticipated most probable value. 


To further assure worst- case conditions in the study of facial gradients, 

■ it was found necessary to consider two models fpr each of the optical elements 
In the simpler first model, e.ach optical element is assumed to be attached, 
without thermal resistance, to an infinite heat sink located behind the element. 
In the second and more realistic model, each optical element is coupled to an 
infinite heat sink behind' the element by means of thermally resistive elements. 
While such resistive elements cannot be ascertained with better than moderate 
accuracy, .it is found that in some cases the accuracy is not. necessary, and 
in cases where it is, the most unfavorable value for such resistive elements 
is used. 

The models are discussed in detail in Appendix A, 


Analyses Results . . ‘ ■ 

Table 3-10 presents a summary of the resiilts of the analyses described 

above. 

For thickness gradients, the extrema occur at equinoctial periods' and 
at winter solstice. 

For facial gradients, worst cases occur at different points of time and 
for different modes of operation. Such gradients arise from area- selective 
insolation. ' ' - 

In the table: 

A positive thermal gradient indicates the. optical surface is at a 
higher temperature than the back surface. . , ■ 

A positiye focal shift is in the direction- pf longer focal- lengths. 
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Blur circles refer to the earth-referenced diameter in nautical 
miles which includes all the geometrically .blurred energy. 

A zeto blur circle implies that, to a first order, - refocusing re- 
moves the geometrical blur. . 

A zero focal shift or temperature difference implies a value les'Ey 
than 0.0001. • , . ’’ • 

Wherever refocusing is used to arrive at minimum blur, the re- 
focusing is assumed to have occurred in the normal seasonal pro- 
gression - for example, at six to eight week intervals. Special 
cases of area- selective insolation with locked scan mirror are 
not assumed to be refocused, except in- cases where the mode is 
used to replace the scan mode in order to create. a worst-case . 
condition. 


Table 3-10. Thermal Gradients and Optical Effects in 
VISSR Fore-Optics Elements 


Declination and 
Operating Mode 

Optical 

Element 

Type of 
Gradient 

Temperature 

Difference 

(°C) 

Focal 

Shift 

(in. ) 

Blur Circle 
Diameter 
(rimi) 

■ 

Equinox, Any Mode 

Scan Mirror 

Thifclcness 

0. 0317 

0. 0047 

0. 036 

Yes 

Winter Sjilstice (-23.5°), 
-Any Mode 

Scan Mirror 

Thickness 

-0.0149 ‘ 

-0. 0022 

0. 017 

Yes 

^I0°, Any Mode 
First Model 
Second Model 

Scan Mirror 

Fa c ial 

... 

0. 006 
0. 00002 

0. 1 18 

0. 068 

Yes 

Equinox, Scan Mirror 
Fixed at 45° (Worst-Case) 

Primary 

Thickness 

o’. Q073- 

. 0. 0027 


Yes ■ 

Winter Solstice (-23..5°), ‘ 
Scan Mode 

Primary 

Thickness 

-0. 0018 

-0. 0007 

0 

Yes 

+3°, Scan Mirror Fixed 
at 40° (Worst-Case) 
First Model 
Second Model 

Primary 

Facial 

0. 0035 
0. 0515 • 

0. 0013 
0. 0001 

0. 060 
0 006 • 

No 

Equinox, Scan Mirror Fixed 
at 45° (Worst-Case) 

Secondary 

Thickness 

0. 008 

0. 0003 

0 

Yes 

Solstices (Scan Mode) 

Secondary 

Thickness 

'>0” 

0 

0 

-- 

-6. 5°, Scan Mirror Fixed 
at 40° (Worst-Case) 

First Model 
Second Model 

Secondary 

Facial 

0. 0065 
0. 064 

0. 0002 
-0. 00002 

0. 012 

0. 001 

No 
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Analyses Conclusions 
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The behavior of the optical elements with respect to thermal gradients 
is summarized in Table 3-10, preceding. 

The detailed analyses for the individual optical elements are presented 
in the subsequent text and appen'dices. 

The greatest thickness "gradient" (more correctly, temperature differ- 
ence) encountered in any element is 0. 032° C. 

The -greatest geometric blur circle encountered is 0, 12 nmi (first model) 
with' a more likely maximum blur circle (second model) of 0. 07 nmi. These 
compare with the 90% diffraction-limited blur circle, for the obscuration 
ratio of 0. 4, of 0. 197 nmi, and the IGFOV of 0, 48 nmi. No optical degrada- 
tion in system performance is expected to arise from thermal gradients in 
the optical 'elements, except for possible transient conditions. But such- 

f 

transient behavior, due to eclipses, will be dominated by inter-element and'-' ' 
spacer ternperature differences, and not by gradients within the elements.-' 

Facial gradients arising from selective insolation produce the greatest ■ 
blur circles. No mechanisms of comparable magnitude could be envisioned 
for other facial gradients, such as "radial gradients, " and none other were 
analyzed. . ' . ’ 

Focal plane shifts arising from gradients are moderate, compared 
with the active focal adjustment of ±0. 080 inch; The extreme range, from 
equinox to solstice, required to compensate for gradients within all elements, 
is approximately 0. Oil inch (from +0.008 to -0. 003 inch), combining the 

effects in the three elements. ' ' ’ . ‘ ' 

* 

Optical effects arising from variations in the overall temperatures of 
elements, as distinct from gradients within elements, . were not investigated 
in this study. 
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9. Stress -Strain 

Dimensional instability of Kanigen plated berylliurn rnirrors is caused 

by: 

• a. Metallurgical instability 

b. Relaxation of residual stresses. 

The residual stresses may be due to machining, heat treatment, aniso- 
tropy of thermal expansion of the composite. 

9a. Residual Stresses . - Dimensional instability of beryllium mirror's can 
be caused by metallurgical instability, relaxation of residual stresses, and 
plastic deformation. These possible conditions are usually interrelated and 
difficult to define in the actual part. 

Metallurgical instability can be described as residual stresses caused 
by thermal expansion anisotropy of the composite or material irregularities 
peculiar to a particular material pressing. W.hile some evidence of metal- 
lurgical instability has appeared, it is not presently clear -whether or not the 
noted effects have been isolated from the normal causes of residual stresses. 

The common types of residual stresses are minimized by elaborate 
machining, heat treatments, and chemical etching processes in the beryllium 
mirror blanks prior to electroless nickel plating. These processes, are de- 
tailed in SBRC Specification No. 18842, entitled_ "Machining and Stress, Re- 
lief of Beryllium, Process for. " 

Plastic deformation is the result of applied stresses exceeding the pre-' 
cision elastic limit (PEL). PEL is defined as the stress at which 1 micro- 
inch/inch of plastic strain occurs and should be used in designing optical com- 
ponents rather than the usual yield strength used in structural applications. 

9b. Electroless Nickel Plating Stresses. 7 Appreciable stress levels have 
been observed in electroless nickel-plated beryllium thin strips. Stress 
levels as high as 33, 000 psi have been reported by Battelle Memorial Insti- 
tute. Stress levels of 10, 000 to 15, OOO psi may be common after' the standard 
temperature annealing cycle. 
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General American Transportation, under contract to Hughes Aircraft 
Company, has developed a "low stress" Kanigen plating on beryllium. The 
.phosphorous content of this "low stress" Kanigen plating is approximately 12% 
compared with 8% for the normal Kanigen plating. Using this method the stress 
levels in plated, thinbery Ilium strips have been reduced to le ss than 2 000 psi. 

There is not complete agreement on the most appropriate method of 
calculating the stress levels within the electroless nickel nor the most appro- 
priate selection of beryllium strip thickness. 

The initial work by General American Transportation (GAT-Xj and 
Hughes Aircraft Company used strips which were 0. 01 0 inch thick and about 
3 inches long. The work by Battelle Memorial Institute and Perkin Elmer 
was also on very thin strips. Speedring Corporation said they thought that it 
was impossible to process 0. 010 inch thick strips of a hot pressed block 
beryllium material in a manner that would make them suitable for the stress 
measurements. It appears that the material used for the General American 
Transportation experiments was sheet beryllium. The difference in aniso- 
tropy of sheet and hot pressed block makes the data questionable at best. 

The following are comments’concerning various means of calculating 
stress levels due to inte-raction between the beryllium and electroless plating. 

Comparison was made between GAT-X, Stoney, Sherrienski, and Brenner 
equations for calculating stress in the nickel plating.. ^ 

Shemenski and Brenner e.quations were numerically compared. The 
calculated stress values agreed within 3%. It is possible to derive Stoney's 
formula from Brenner's transcendental stress equation and Shemenski equa- 
tions by making appropriate approximations. Due to these approximations, 
Stoney's formula was not used in the calculations. The GAT-X equations were 
not used because of some errors in the derivation. 

.The- Shemenski equations* given in the following have been used in the 
•SBRC process specification for the’ optical system (Specification 18761). 
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Calculation of Maximum Stress; 

Fixed Quantities: 

•Ej = 30.0 X 10^ psi elastic modulus for Ni ■ 

= 44. 0 X 1,0^ psi elastic modulus for Be 

; Measured Dimensions: (inches) 

W = width of strip (0. 30. ± 0. 04)' 

C = length of strip (3. 00 ± 0. 04) 
t^ = thickness of Ni coating (0, 004 ± 0. 0003) 
t 2 = thickness of Be substrate {O.-OlO ± 0. 0003) 
t = bow-out at the. center (sagitta of the arc) 
(Requirement: S^ 2 ,x < 00 ^ 10^ psi) 


The absolute value of the maxirrium stress (psi) in the Ni coating is to be 
calculated from the following formula‘s using measured dimensions and the 
above values for fixed quantities: 


^max ® 



(h - 

R 


where 


abs 

Ai 

R 


= absolute value 

= Wti cross-sectional area of Ni coating 
+ 4-L^ 


8^. 


radius of curvature 



4r. M. Shemenski, J G. Beach, and R. E, Maringer, "Plating Stresses from 
Electroless Nickel Deposition on Beryllium, " J. Elcctrochem. Soc, 116, 

402 (1969). 
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Companies that have worked on the low stress electroless nickel’ plating 
for "VISSR include Grunwald and GAT in Chicago, Illinois; ElectroCoating, . '■ 

Inc. (ECI) in Houstpn, Texas; ‘and Magnacomp (ECI) in Mountain ’View, Cali- 
fornia. The work by these com.panies was completed under subcontract with 
either Perkin-Elmer Corporation or Tinsley Laboratories. The latter two 
companies are under contract with SBRC for the fabrication of the VISSR 
beryllium optical elements. 

Stress levels as monitored with 0. 040-inch thick and 4. 00-inch long 
beryllium test strips have been consistently higher than the specified 2000- 
psi 'stress levels. The plating by GAT has had the lowest stress levels; 
these have been in the 4000- to 6500-psi ra’nge. The preceding equations 
wer.e used in, stress calculations. 

As indicated above,, the basis of the specification feasibility was based 
on previous GAT/HAC work. Cross-rolled beryllium test strips of 0. 010- 
inch thickness were used to monitor deformation caused by the electroless 
nickel plating. It is only partially understood why "VISSR stress levels as 
monitored by hot pressed beryllium block machined to a thickness of 0. 040 
inch res'ults in significantly different calculated stress levels. 

Part of the discrepancy can -be explained by the greater anisotropy of 
cross -rolled beryllium. The electroless nickel plating bath is maintained 
at 100°C; thus, stresses are introduced due to a bimetallic strip action 
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since nickel and beryllium have different thermal expansion coefficients. If 
the thermal expansion coefficients of cross -'rolled beryllium differ from hot 
pressed block, the calculated stress levels are expected to be. different. 

Quantitatively, this can be approximated by using Timoshenko's equa- 
tion for a bimetallic strip: - . ‘ ■ 


R 


6(az - 0!l)(Ti - To) 1 + 


h: 

t 2 


(ti + t2)- 


3 1 + 


^ 2 . 




•• t2E2/\t22 


tlEi, 


where = elastic modulus of nickel 

E2 = elastic modulus for beryllium 
t| = thickness of nickel plating" 
t2 = thickness of beryllium substrate 
R = radius of curvature of deformed strip 
Tj = plating temperature 
To = room temperature 

Oig = thermal expansion coefficient of beryllium 

= thermal expansion coefficient of nickel plating 

This can be rewritten as . ' 


R 


= K{0!2 - 0!l)(Tl - To) 


The radius of curvaturej R, is related to deformation 'bow, x, and 
strip length, 2 y, by the equation for a circle ' . ■ 

2 ? 2 

• - . 2x 2x 


ThuSj-.the strip bow is given by 


£ 


X = -^K(tt2 - ai)(Ti - To) 
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By differentiation we have the rate of change of bow with respect to' 
beryllium thermal expansion coefficient. 


dx _ 
da^ ■ 2 


K(_Ti - To) 


For the case where y = 2. 0 inches, t^ = 0. 004 inch, t^ •= 0. 040 inch, 

T = 1 00° C, To = 23 ° C, =40X10^psi, Ej =20X10^ psi,' which results in 
K = 9.2. 

^For cross -rolled beryllium sheet ’ - 12. 5X10" ^/°C 

F or VISSR hot pressed beryllium block Oq = 11.5X10"^/°C ■ 


Thus Ax = 1330X 10"^ inch. 


Therefore, the differential stress explainable due to difference in 
beryllium material is 1200 psi. However, this' explains only about 25% of 
the stress levels being observed on "VISSR platings compared to 'previous 
GAT /HAG platings. The mechanism for the remainder is not understood. 

Figures 3-26 and 3-27 have been useful in evaluation of the electroless, 
nickel plating.' Figure 3-26 relates "stress levels to strip deformation for 
three thicknesses of beryllium substrate. Figure 3-27 relates stress levels 
to strip deformation for five thicknesses of nickel plating. 

I 

Based on data from GAT experimentations two mechanisms would re- 
sult in lower stress levels for "VISSR optical elehients. 

1. Increase the phosphorus content^in the electroless nickel 

plating. ■ ■ ■ - , 

2. Reduce "the post-plating bake temperature.. 

It appears that a developmental program would be required to significantly 
increase the phosphorus levels. Side effects of an increased phosphorus 
content are unknown. 


•^K. Parker and H. Shah, "The Stress of Electroless Nickel Deposits on 
Beryllium,"!. Electrochem. Soc. 117, 1091 (1970). 
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Figure 3-26. Maximum Stress versus Bow-Strip Deformation as a Function, 
of Beryllium Strip Thickness, 



Figure 3-27. Maximum Stress versus Bow-Strip Deformation as a Function 
of Nickel Plating Thickness,' Ti‘ 
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The recommended post-bake temperature is 375“F (190°C) for four 
-hours. This post-bake increases the nickel-beryllium adhesion bond. Re- 
duction of the post-bake temperature may adversely affect the Be-Ni bond. 

In conclusion, the allowable stress levels'inthe VI5SR electroless 
nickel plating as monitored by 0, 040- inch thick beryllium strips will be re- 
laxed from 2000 to 6500 psi. The reason for this is that to achieve stress 
levels less than 2000 psi, a development program would be required. It 
should be noted that the 6500 -psi relaxed level is significantly lower than 
would be achieved if standard electroless nickel plating techniques are used. 

10. Spatial Resolution Error Budget 

• A spatial resolution error budget has been developed and is summar- 
ized in Table 3-11. . - ■ ' ■ 


Table 3-11. Tabulation of Factors Affecting Spatial. Resolution, 

Image Size (mr) 


• Diffraction Effects, 90% of energy 
contained within, (e = 0.4) 

Scan Mirror, X/2 

Primary Mirror, X/3 

Secondary Mirror, X/4 

Primary -Secondary misalignment 
to optical axis, 0. 002 'in. 

Focal Plane misalignment 

Thermal Gradient to optical axis 

Spacer AT = 2 C 
Secondary mirror AT = 4”C 

Isotemperature Change AT=10*C 

Beryllium anisotropy 
IR relay system 

Mounting - mirror 

Summation of Effects 

1/2 

- I 

I 



D 

Visible 

Channel 

IR 

Channel 

0 . or 

0. 192 

0. 005 

0. 005 

0, 007 

0. 007 

0. 010 

0, 010 

0. 002 

0. 002 

Active 

Focus 

. Active 
Focus 

0. 012 

0. 012 

0. 007 

O 00 

o o 
o o' 

0. 01 

0. 01 

0. u2 4 

0. 21 
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OPTICAL VENDORS 

Only those optical vendors who have successfully demonstrated a capa- 
bility in fabricating fast aspheric optics from metal in moderate sizes were 
considered. 

- Vendor survey trips were made to the potential suppliers. Several 
optical suppliers commented on the optical design, mechanical structure, 
beryllium composition, and reflective coatings. These comments are sum- 
marized in Table 3-12. 

The VISSR design and fabrication philosophy was modified in several 

r 

areas where it appeared appropriate, based on the optical vendor comments. 

The following companies were solicited for proposals on fabrication of 
the VISSR telescope system. 

Diffraction Limited 

Owens-Illinois (Pecker Systems) 

Perkin-Elmer Corporation (Norwalk, Connecticut, and Costa Mesa, 
California) 

Speedring Corporation (Schiller) i 

Tinsley Laboratories 

Each of these cornpanies were solicited to give a quotation for fabricating the 
VISSR telescope using polished bare beryllium and/or electroless nickel 
polished beryllium substrates. Diffraction Limited and Perkin-Elmer Cor- 
poration (Costa Mesa) limited their response to electroless nickel-plated 
.beryllium. Owens-Illinois (Pecker Systems) and Perkin-Elmer (Norwalk) 
response was limited to polishing bare beryllium. Speedring Corporation 
and Tinsley Laboratories were responsive to both methods. 

Pirna fixed priced contracts were let with Tinsley Laboratories and 
Perkin-Elmer (Costa' Mesa). Tinsley Laboratories' contract is for one bare 
beryllium polished system and two electroless nickel-plated beryllium sys- 
tems. Perkin-Elmer Corporation (Costa Mesa) contract is for two electro- 
less nickel-plated beryllium systems. ' 
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Table 3-12. Optical Vendors 




' ’ Vendors 



Diffraction 

Limited 

Perkin -Elmer 
Corp. (Norwalk) 

Owens Illinois 
Fccker Systems 

Tinsley 
Laboratories • 

I. Recommended beryllium material 

HP40 (1400) OK , 

HP50 

HP40 (1400) OK 

HP50 , ‘ ‘ 

2. Willingness to polish Kamgen nickel _ 

Ves ' 

Yes 

Yes 

Yea ' 

plated beryllium > . 

* 



. 

3. Willingness to polish beryllium directly 

No 

Yes 

-Yes - 

Yea 

4. Recommended route 

Kanigen 

Bare Be 

Kamgqn* 

Bare Be 

Kamgen versus bare Be ^ , 

■ > 

UscHPSO or HP20 
(S200) 

" 

Use.HPSO or HP20 
(S200I 

5, Mirror structures 

OK 

OK - Suggested 

OK - Suggested 

OK alternate 

• • 


looking at 5-point 
scan mirror 
mounting again. 

rib at scan mirror 
ID 

scan mirrar 
approach \ise 
closed back with 
EDM central 
structure 

6 Rough and medium machining cuts and 
, heat treatment as given on initial pre- 

liminary specification 

OK 

OK 

OK 

OK; but would rec- 
commend a simpli- 
fied machining 
schedule and heat 
treatment Heat 
treat at tempera- 
ture > I 450*F, 

7. Fine machining 

OK 

•OK 

OK 

OK 

8. Chemical etch 0.002-0. 004 inch 

OK 

Should be 0. 010 in. 

Acceptable but felt 
»t should be 

greater. 

Should be 0 01 0 in 

. Q Cyclic stabilization 

OK 

Delete 

Probably can 
delete 

Delete 

10. ‘Kanigen nickel plating stress type 

OK 

OK 

OK 

OK , 

11. Heat treatment - Kanigen 

OK 

OK 

OK 

OK I 

1 

12. Optical finish - scattering spec - iTc • 

W'ould prepare 

No adverse 

No adverse 

Vo adverse 


samples for 
measurements 

comment 

comment 

• 

comment 

15. Image quality as spelled out in spec 

OK 

OK 

OK 

Essentially asking 
for diffraction 




• 

limited operation. > 

14. 600’’ r heat cycle after polishing 

Concerned 

Concerned 

Concerned 

Reduce to 400 F at 
least. 

15. Enhanced silver reflective coatings 

OK 

OK - PE can 
apply at temper* 
atures less than 
375'' F. 

OK 

. 

OK 

16. Testing of mirrors 

Interferometric 
and blur circle 
OK 

Interferometric 
and blur circle 
OK 

Interferometric 
and blur circle 
OK ' ■ 

Interferometric 
ar.d blur circle 

OK 

17. Fabrication problem associated with 
f/1.8 versus f/2. 4 primary 

1.2X 

1. 5x 

lOx 

3x 

18. Desirability of using Jrtran \ secon- 
dary from fabrication standpoint 

Po not use 

W'ould certainly 
be easier. 

TosS-up 

Would not recom- 
mend. 

19. Recommended Kanigen nickel plater 

Crunwald 

Grunv.ald 

Grunwala 

GruniAald 

20- Willingness to be responsible /or total 
mirror fabrication (from material to 
reflective coatings) 

Ves 

Yes 

Y es 

Yes - Desire in- 
cremental fund- 
ing. 

21. Machine Shop - recommendations 

j Pioneer Tool 
1 (Boston Area) 

Speedring 
Wafren. Mich. 

Speedring. Mich. 
Pioneer Astro 
Chicago. Ill 

American Beryl- 
liunn Companv 
Sarasota. FU 
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The selection of the beryllium composition was based on beryllium 
oxidCj precision elastic limit (PEL), and cost considerations, A low beryl- 
lium oxide content was required if polishing beryllium directly was to be an 
option. A high PEL is highly desirable fo'achieve rhirror stability as a func- 
tion of time. Table 3-13 compares several different beryllium compositions. 

The material per SBRC Specification 18834 appears to represent a good 
compromise between the various performance parameters and cost, • 


Table 3-13. • Beryllium Material Factors 


Material 

PEL 

(psi) 

Yield Strength 
0. 2% Offset 
(psi) 

Ultimate Tensile 
Strength (psi) 

BeO 

Content 

(%) 

Relative 

Cost 

HP20 

S200 

2, 000 

30, 000 

40, 000 

2 Max 


HP40 

1400 

8, 000 

40, 000 

50,’ 000 . 

4 Min 

1.4 

HP50 

- 20, 000 


. 85, 000 

3 Nom . 

-■ i.7 

SBRC 






• Spec 
18834 

5, 000 

30, 000 

40, 000 

2 Max 

' l,i 


The low beryllium oxide content composition -(2% or less) is desirable 
if polishing beryllium directly is to be an -option. • Table 3-14 compares 
polished electroless nickel-plated beryllium and bare beryllium. Informa- 
tion in the table indicates reasons why the polished bare beryllium would be 
a better mirror' choice for VISSR, provided the required low scatter surface 
polish can be obtained within the current state of the art. Two optical sup- 
pliers have indicated they can polish bare beryllium mirrors to the 1% “VISSR 
optical surface scatter specification. However, the SBRC evaluation indi- 
cated that a conclusive decision could not be made because of restricted 
experience and inconsistent data. Therefore, it was concluded to use 
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electroless nickel-plated (low stress) mirrors as the principal process, ’in 
addition to a. backup order using the bare beryllium polishing technique. 
Firm fixed'priced contracts were processed for four. VISSR optical systems 
us ing .electroles s nickel-plated berylliumj and one system using bare 
beryllium. 


Table 3-14. Polished Kanigen Nickel^ Plated Beryllium 
versus Bare Beryllium'’' 


Kanigen-Plated Beryllium 

..B.ar’e 'Beryllium 

Preferred Method 


Bare Be 

Bimetallic Strip Effect 



X 

Kanigen Nickel Stress Levels 

. 


X 

•Delamination 



X 

Kanigen Thickness 
Nonuniformitie s 



X 

Kanigen Metallurgical 
Unstable 



X 

Weight 



X ■ ■ 

Kanigen Nickel Pits 

Be Voids (Pits) 

. 


Kanigen Nickel Hardness ' ’ ^ 
Nonuniformities 

? 

9 

9 

Be Anisotropy , ’ • 

Be Anisotropy 

- 


Be Residual Stress 

• Be Residual Stress 



Surface Scatter (Low) 

Surface Scatter ('^) 




Reflective Coating 
Compatibility ( '’ ) 

, 

X 



Cost 

X 


■ 

Schedule 

X 
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TELESCOPE PERFORMANCE SPECIFICATION 

The. optical system specification is covered by SBRC Specification 18761, 
"Process Specification for Optical System. VISSR/SMS.-" The image quality, 
effective focal length, and'back focal length are only specified regarding the 
assembled systerri. The optical system composed. of scan mirror, 'primary 
mirror, and secondary mirror is tested as an assembly. Surface scatter and 
mirror reflectance are .^pacified and measurod on' a component basis. 

Two classes of measurements are specified with Class II measurements 
made with the optical system (scan mirror, primary mirror and secondary 
mirror) assembled in a laboratory setup. The. secondary mirror is adjusted 
±0, 020 inch perpendicular to optical system axis and ±Q. 125 inch parallel to 
optical system axis to facilitate optimum performance'. Class I measurements 
are made with the optical system assembled in VISSR/SMS hardware. 

The performance specifications were written to be consistent with any 
of the following test methods. 

1. Interferometric Methods . - These are commonly used methods that 
are relatively simple to setup. A large volume of data and infor- 
mation can be obtained in a short time span. They are not sensitive 
to surface microstructure, i. e. , surface scatter, 

2. Ima.ge Energy Distribution Measurements . - This is a standard test 
method where .several different distributions can be measured. For. 
example, the image can be scanned with a knife edge, a slit apef- ’ 
ture, or an opaque wire. Radial distribution can be obtained'by 
using varying circular pinhole apertures symmetrically aligned 
with the image., 

3. Modulation Transfer Function Measurerdents -(MTF) . - This is an’ 

• effective but relatively new technique. Few optical manufacturers 

have the required equipment. 


An analysis was made to determine the relationship of wavefroht distor- 
tion to image quality in the sense of radial energy distribution or MTF com- ' 
plex. The conversion depends on the wavefront distortion contour. The anal- 
ysis used a' simple parabolic wavefront distortion as the model. Under these 

conditions, it can be shown using first order equarions that the angular image 

1 A V* 

blur is approximated by Qj-n'" - k "- where X is the surface deviation from 




D 
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the ideal surface figure and D is the diameter of the optical element. Rather 
than a parabolic wavefront deformation, let distortion be related to 


X = A sin 


4'TTy 

D 


where X = surface departure from 'ideal configuration 
A = amplitude of surface distortion 
y = radial distance, on mirror 
,D - mirror diameter 

This results in the equivalent equation for angular image blur of 



Z5X 

D 


As a rule of thumb, - a diffraction limited system has classically been; 
figured to X/8 wave. Substituting this into the equation for we have. 



■D 


the Airy disc diameter is given by 

®Airy 


Z. 44X 
D 


Thus, this lends some credibility to the validity of thq simple model assumed. 

The radial energy distribution was approached from the standpoint of 

having several independent contributors to the image size. The addition of 

image degradation factors was done in a root"‘sum square (rss) manner. The 

image degradation factors considered' included 

Diffraction effects • 

Residual design aberrations 
Fabrication tolerances 
Mounting tolerances. 

Because computer ray trace data indicated that the residual design ■ 
aberrations were negligible compared with diffraction effects, no degradation 
function was included for them. 
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Figure 3-28 illustrates the predicted energy distribution as a function of 
angular dimension at the image plane. Curve 1 shows the distribution due to 
diffraction frorh a 0, 4 central obscuration. Curve’ 2 shows an e^^ intensity- 
curve. Curve 3 shows the % energy within the given angular dirherisions due 
to the e^^ degradation factors. Curve 4 shows the root sum square of Curve 

f . » 

1 and 3. Curve 5 shows the root sum square of Curve 1, Curve 3 , and Curve 
3 taken a second time. ' 

Thus if the distortions are of the form e^^ that Curve 4 represents, the 
predicted distribution of one distorting source is present. Curve 5 represents, • 
the predicted distribution if two distorting sources are present. 

The radial energy distributions described in these figures have been used 
as a basis for MTF calculations. The distortions due to diffraction" fabrication:, 
and mounting are therefore inherent in the MTF results. 


For the Class Il case; the line spread functions based on the radial" 

intensify distribution of the diffraction and fabrication distortion were con-. 

volved to obtain the combined line spread intensity distribution. A bar 

pattern with sinusoidal transmission is used to obtain the modulation. 

, ^max ~ ^min 
M = 

•‘■max ’*' ■•■min • 

as the energy pattern is scanned over the bar pattern. .The bar pattern is 
effectively infinite in one direction and by varying the width of the bars a 
spectrum of spatial frequencies is attained. 

In an analogous manner a square bar pattern can be used. Square bar 
is defined as having a transmission of 1. 00 or Q. 00". 

A tabulation of modulation using square bar pattern is given in Table 

3-15. 
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Table 3-15. Square Bar Modulation Transfer 


Spatial 
F requency 
(cycles /radian) 

Modulation 

Class II 

r 

Class I 

I—-* 

o 

o 

o 

1, 00 

1. 00 

5, 000 

1. 00 

1. 00 

o 

o 

o 

o 

0. 98 

0. 96 

15, 000 

0. 96 

0. 92 

20, 000 

0. 94 

0. 88 

25, 000 

0. 93 

0. 83 

30, 000 



0. 92 

0. 78 


Inflijgbt Solar Calibrator 

The final inflight solar calibrator is briefly described below. The de- 
■ tailed design was covered in the Fifth Quarterly Report. 

The requirements of the inflight solar calibrator include the following 
factors: 

. / 

1. The solar calibrator provides three optical channels at different 
angles. ' . 

.2. The channel spacing (angular) is such that one channel angle will 
be 1 6 ° greater than, one channel 16'* less than, and-one channel 
parallel to the line-of-sight as determined by scan mirror position. 

3. All channels lead by 15° the aim point of the telescope as deter- 
mined by telescope rotation. 

4. The active aperture of each channel is sufficient to simulate an 

■ : ■ . effective albedo of 0. 50. Tolerance of about 5% effective aperture 
from channel to channel is anticipated. 

5. The solar calibrator and mount should obscure a minimum of energy 
directed into the principal aperture of the telescope. 

System Description . - A cartesian coordinate system is used. The 
X-axis is the telescope axis, the Y.-axis is the axis of tilt for the tilt mirror 
and the Z-axis is the central aim point of the tilt mirror. The .origin is the 

t ' 

center of the tilt mirror, which is the intersection of the telescope axi-s an{i . • 
the tilting axis. 
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■ . ■ The General Concept 

The deflection system consists of three prisms. These are shown in 
three views in Figure 3-Z9. The left illustration in Figure 3-29 is a view 
with the observer sighting from the -Y direction. The central illustration is 
viewed from + or -X. The right illustration is viewed from a direction of 
15° from the X-Z plane as measured in the Y-Z plane. 


The top surface of the top prism is in an X-Y plane. The two top cor- 
ners of this prism have direction X. 

Incident on this surface will be beams of light which in the X-Z plane 
vary from normal to +10° and -10°, The X-Z plane is perpendicular to this 
surface and parallel to its edges. 


This top prism has two internal reflecting surfaces which tilt the inci- 
dent fans from the X-Z plane to a plane at 15° to the X-Z plane with the line 
of intersection of the planes having direction X. The incident (top) and emer 
gent (bottom) surfaces are both perpendicular to the central ray so that 




Figure 3-2 9. Solar Calibrator Prism> Assembly 
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refractively the prism behaves as a plane parallel, sheet of glass, and no_ dis- 
persion or angular difference occurs between rays within the' fan prior to and 
after their path through the prism, Figure 3-30. Three stops' are' located on 
the bottom of this prisrn. ' One controls' the dimension of the central fan, the 
'other two control the two side fans. 

The central fan needs only to be tilted at the 15” provided by. the top 
prisrn and reiquires no further deviation.' 


The two side fans must be tilted at +16° and -16°. This is accomplished 
by placing right angle prisms in front of the two side apertures with bases at 
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+8"^ and -8° to the normal to the bottom of the top prism. The prism sides 
are in the 15“ lead plane in roll angle;' 'The separation between prisms is 
such that they will not vignette the fans from the central calibration bundle. 

The result is that a plane has been established which has an angle of 
15° to the tilt plane of normal telescope viewing. The intersection of the two ' 
planes will lie in the X direction. In this established plane will be three'cali- 
brator fans. One will sweep from +10° to -10° as the tilt mirror travels. 

The other two will sweep from +6° to +2 6° and from -6° to -2 6°. These an- 
gular sweeps are measured in the 15° plane from a center line which would 
project onto the Z axis. 

Component Details and Basis for Determination 

1. Top Prism. - Figure 3-31 is a detail of the top prism. 

a. Angular Deviation *. - A ray incident on the' top surface and normal 
to the top is to, emerge from the bottom surface normal, to it. Since 
the bottom surface is at 15° to the top surface, the' emergent ray '• 
will be at 15° to the top ray. The incident r?_ ses the top sur- 

face undeviated and is incident on the right suriace at 54° to the 
normal. After reflection, the ray will be at 108° to its original 
direction or 18° from the top surface (this ray direction is best 
illustrated in Figure 3-29 which has superimposed rays). 

The normal to left surface is at 1 18. 5° - 90° or 28. 5° to the top 
surface. Therefore, the ray is incident at 28. 5° + 18° or 46, 5°. 

The introduced deviation is twice this angle or 93°, The ray direc- 
tion is now 93° - 18° or 75° to the top surface. This places the ray 
at 90° - 75° or 15° to the top surface normal or 15° to its incident 
direction. Since the bottom surface normal is 15' to the top sur- 
face normal, the deflected ray will be coincident with a bottom 
surface normal. 

Therefore, the prism angles result in the required angular devia- 
tion. Since Total Internal Reflection (TIR) occurs at 43° 18' and 

the steepest incidence is 46°30', we are 3°12" beyond TIR. 
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12 ■ liri-ak betW( cri 0 (J( t and li. 'Hi.) inch. 

!'l , Iiinnar toloranct-s on rpa-^k apertures tO 000b. All other linear tolerances tO 005 
•10 Mask on bottom surlace Ui be onaque; adherence and humidity durability per Mil-M-13508. 
All angular tolerance.^ t 5 minate.s n£ arc. 

8, All dimensions are to .shirp turners. 

7, Edge chips shall not be within clear aperture or not greater than 0. 015. 

6 Break all edges 0. ed!: may (exiepl Note 12) 

" Surface finish 40-10 per Mi! -0-13830 

4. • Optical polish flat to 1/2 iring- within clear aperture (X - s8d pm) . 

3. Fine grind finish. 

2. Bubbles and inclusions .shall b< I 0 per MU-0-1 3830 within view of clear apertures. 


1. 

Material: Fusofl Sihca may be; a. 

Dynasil: 

fused 

silica UV No. 1000 


‘ . b. 

Corning; 

fuse.l 

silica 7940 UV 


• c. 

Amersil: 

fused 

silica Suprasil 1. 


Figure 3-31. Solar Calibrator — Top Prism 
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b. Clear Apertures. - The effective stop areas are to be 1.0 mrn 
squared or 0 . 0016 square inch. ’ 

No loss in efficiency will occur at the reflective surfaces since 
total internal reflection is essentially perfectly efficient. Absorp- 
tion losses through the short glass path will be negligible. The 
only significant los.ses will be due to -reflection at the refractive 
surfaces. 

The transmittance at each of the-se surfaces is 1 - 
0. 9653. The transmittance for the system is (0. 9653)^ where n is 
the number of refractive surfaces encountered. For the central 
channelj n = 2 and efficiency is 0. 9318. For the side 'channels, 
n = 4 and efficiency is 0. 8682. ‘ ' 

To compensate for this light loss, the area used will be equal to 
area desired /efficiency, giving effective area equal to area desired. 

For the central channel area used = *“§'3 1 g' ~ 001717. 

For the side channel area used. = o' 8682 ^ 001843. 

The stops located on the bottom of the prism will' be 0. 080 in length. 

The central channel will be " 0. 0215 wide. 

The side channel will be ^ “ 0. 0230 wide. 

The three stops will be spaced 0. 090 between center lines., • 

The surface outside the stops will be opaque. 

2,. Bottom Prism . - The two bottorn prisms are identical. Their location 
is such'that they will be symmetrical about a Y-Z center-plane of the 
system. See Figure 3-32. 

The prism is a truncated 45°-45°‘-90° with the truncated side being 
parallel to the prism base. 


1. 458-1 ^ 
1. 458+1 / 
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11. Paint per SBRC Spec. 1 8863 using 463-3-8 Cat-a-Lac black paint (Finch 
Paint and Chemical, Torrance, California). 

1 0. Break between 0. 01 5 and 0 020 at 60° ± 1 0° to base. 

9. Linear tolerances ±0. 005. 

8. All dimensions are to sharp corners. 

7. Edge chips shall not be within clear aperture nor greater than 0. 015. 

6. Break all edges 0. 005 rnax (except Note 1 0). 

5. Surface finish 40-i 0 per Mil-0-13830. 

4. Optical polish flat to within 1/2 fringe within clear aperture- (X 5894). 


3. 

2. 

Fine grind finish. • 

Bubbles and inclusions shall be 1 0 per Mil-0- 

13830 within view of clear 

1. 

apertures. 

Material fused silica may be: a. 

Dynasil: 

fused silica UV No. 1 000 


b. 

Corning: 

fused silica 7'-i40 UV 


c. 

.Artie r^sil; 

fused silica Suprasil 1. 


- ' Figure 3-32, Solar Calibrator Prism Bottom 
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Figure 3-2-9'Shows three views of the assembled system. The two 
lower prisms are in a plane normal to the bottom face of the top prism. 

Their bottom sides will lie on that plane which intersects the lower left 
corner (center view. Figure 3-30) and is normal to the bottom face of the top 
prism. 

The two lower prisms are located so that their top corners if left sharp 
would intersect the bottom face of the top prism in a line 0. 040 from_ the cen- 
ter of the top prism (see right view. Figure 3-29). 

The bottom prism faces are at 8° to a plane bisecting the top prism; 

The 8® is measured in a plane containing the bottom prism sides (see right 
view. Figure 3-2 9). 

Location in System 

To define the prism location, refer back to the coordinate system men- 
tioned under "The General Concept";' that is, telescope axis is X, tilt axis is 
Y, and Z axis is- central look angle. The origin is at the center of the tilt axis. 

T^he top surface of the top prism is at Z = -8.25; the two edges of the' 

. top prism are parallel to the X axis. By the selection Z = -8. 25, double 
blockage of the incoming light by the prism assembly is prevented, viz., 
it is placed below the active telescope aperture. 

The maximum. possible y location is necessary'. The prism assembly 
should be as close to the o'utside edge of the telescope as possible. This is 
for two reasons: 1) to give a minimum of light blockage, 'and 2) to give a 
.maximum possible path across the sunshade volume to prevent vignetting .at 
the sunshade aperture. 

The following is the derivation for the selection of the y location. 

Figure 3 -33 is used for illustrating the terms of the derivation. 
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The extreme ray leaves the calibrator top surface at an angle of 10° 
from a point atX = 0. 153, Z = -8. 25 (see lower left illustration. Figure 3-33). 
This ray will strike the tilt mirror when it is at ah angle of 40° from the 
X axis. 

The equation for the line before incidence on the mirrorus Z =Xtan80+b. 
Inserting the origin points values to establish b results in ' • • 

-8. 25 - 0. 153 (5. 6713} = B = -9. 1177 

Z = 5. 673X - 9. 1177 

The equation’for the mirror is Z =Xtan 40°= 0.83910X. Solving simul- 
taneously results in 0. 83 91 OX = 5. 6713X - 9.-1 177, 


and 


X = 


-9. 1177 

0. 8391 - 5. 6713 


-9. 1177 
-4. 8322 


- 1 . 8869 inches 


Z = 1. 88 69.x 0. 83 910 = 1. 5832 


To establish the Y value, transfer to a Y-Z plane after reflection off the 
mirror. The Z value has been established above at ] . 5832. The ,Y value, 
since it will represent the back edge of the calibrator aperture, can lie on 
the mirror “periphery at radius = 8 inches. 

The equation of the circle is Y^ -f Z^ = 8^ and Y = (64 - = 

i X 

(64 - 2. 5065)^ = (61. 4935) = 7. 841 

i 

The upper. right sketch of Figure 3-33 shows the top of th& calibrator 
relative to the mirror edge. It includes a 0. 010-inch safety factor for 
tolerancing. . ■ - 

Now examine the penetration points in the sunshade aperture for 
origin points at the calibrator. . ' • . 

Since all the fans are in a plane at 15° to the tilt plane of the telescope 
the slope of any ray in the Y direction is tan 15° = 0. 267 95. 

j- • - The Z distance to the sunshade is 37. 5 - 8. 2 5 = 2 9. 25. (Actu^-lly the 

effective origin is slightly greater than Z = -8. 25, but since using -8. 25 is a 
conservative step, it will be used. ) 
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All fans' will intersect the sunshade in a line. This line is the inter- 
section of the 15° plane starting at the calibrator mechanism and the X-Y 
plane of the sunshade at Z = -37. 5.- 

I • . ^ 

The Y value of '.this line is the Y value of the calibrator plus AZ calibra- 
tor to sunshade times tan .15° or Y = -7. 841 + (29‘. 2,5 X 0. 26795) = -7. 841 + • 

7. 837 = -0. 004 or the calibration fans exits within 0. 004 of the sunshade 
center line in' the X direction. 

'• For’ the X value consider only the extreme ray; that is, the one at 2 6° 
from center in the tilted fan. 


The length of a central ray from calibrator to sunshade is AZ secant 
29. 25 X 1. 0353 = 30. 283 inches. . 


15° = 


The X distance from this ray's intersection with the sunshade plane to 
the extreme ray's intersection with the sunshade plane is its length times 
tan 26° or 30. 283 X 0. 48773 = 14. 770 inches. 


The length of the sunshade from center to end along the X center line 
is 14. 872, Therefore, the ray is within the sunshade aperture by 0. 102 inch. 


Aperture Blocking 

The maximum width of the calibrator optics is 0. 43 inch. The maximum 
penetration into the beam is 0. 28 inch. 

The blocked area is 0, 1204 square inch. This is about 0, 75 of a square 
centimeter, or less than 0.06% blocking. 

The previously designed calibrator had blocked off 0. 0964 square inch . 
so an increase in blocking of about 30% is realized in this system. 

Tolerance Basis 

The angular tolerance on the top prism has been set at ±5 minutes of 
arc. With two reflections the total error could be 10 minutes which would 
give a deviation of ±20 minutes possible. This would set the roll angle lead 
at 15° ±20 minutes. 
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All required clear apertures have been overdimensioned by at least 
0. 010 inch. This permits 0. 005 on the part and 0, 005 in assembly without ; 
exceeding clear aperture limits. ^ ‘ • ' 

The aperture stops haye been toleranced ±0. 0005. -.This will permit a ' • 

2. 5% chatige in area if the maximum occurs on both dimensions. 

On the bottom prism, angular tolerances are ±10 minutes of arc. This 
would represent introduction of 20 minutes of prism if a maximum occurred. 
The deviation introduced would be (n-1) A0 = 0.4.58X 20 minutes or about 
9 minutes. The angular orientation of the base on assembly should be ±5 
minutes since this is the reflecting surface and the tolerance would give 
double the deviation or ±10 minutes possible. 

Accumulative maximum angular error from all sources oh this would ■ 
be ±19 minutes. This would set the extreme lead angle at 26°± 1 9'which 
would still permit sun viewing. 

Linear tolerances are again ±0. 005" manufacture and ±0. 005" 
assembly with all clear apertures overdimensioned to compensate. 
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Thermal Channel Inflight Calibrator 

The following considers the relationship of the thermal channel inflight ’ 
shutter surface finish to its emissivity. During the design review in Novem- 
ber 1970, a roughened or grooved surface was proposed as' a rriethod to en-’. 
hance the shutter's emissivity. However, such a configuration is not .realis- 
tic due to the shutter's thin structure. Furthermore, when the VISSR cavity' 
effect is considered, a relatively smooth shutter finish is quite adequate. 

The shutter will be painted with Cat-a-Lac (463-3-8). black paint. Its intrin-- 
sic emissivity in .the 10- to 1 3-inicrometer range is 0. 90 to 0. 93. The re- 
flected component from a Cat-a-Lac painted surface even when applied on a ■ 
smooth, surface will be partially diffused. When the VISSR optical-detector 
system is considered, th.e detector will see principally the ambient VISSR 
housing temperature. The relationship of shutter effective emissivity (€gff) 
as a function of the difference of shutter and VISSR housing temperature is 
expressed by . ■ . ’ 


^eff ■ 1 + 


,1 V dN 

[1 - ^sh) 

^Tn 


where ^eff ~ shutter effective emissivity within VISSR spectral band 

eSH — painted shutter intrinsic emissivity within VISSR spectral 
band 

NTq = blackbody radiance (within VISSR spectral band) at tempera- 
ture Tq, where Tq is shutter temperature 


= radiance derivative with respect to .temperature at shutter 
temperature within VISSR spectral band 

AT = temperature difference betwee.n shutter and VISSR housing 
temperature. • ■ 


Assuming AT = 5°C, ^SH “ 9, Tq = 300°K, ^eff 1 ± 0. 003. 


The effective emissivity will be somewhat lower because a part of the 
shutter reflected energy will originate from the cooled detector window and 

I 

vicinity; however, it is believed that the diffuse proper:ics of the Cat-a-Lac • 
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painted shutter will make this effect small. Therefore, it can be concluded 
that the effective shutter emissivity will approach unity without special rough- 
ening. or groove contouring of the shutter blade. 

' ’ ‘ f 

SCATTERING 

The relationship of VISSR mirror scattering and radiometric uncertainty 
is described as follows. The hemispherical scatter specification per the ini-' 
tial release of Specification No. 18761, Process Specification for Optical Sys-. 
tern, VISSR/SMS, was l7o for each VISSR optical element. Based on scattering 
measurements, made at SBRC, this specification is stringent for Ritchey 
Chretien optical systems using metal optics such as used in the VISSR. The 
simulta-neous attainment of both surface figure and low scattering is within • 
the state of the art but difficult. 

The effect of "near field" scattering on the VISSR radiometric accuracy 
has been approximated by numerical integration techniques. "Near field" is 
defined as scattering within 7'* of the specular reflection direction. The 
numerical integration technique Accounted for vignetting due to the VISSR sun- 
shade and secondary mirror structure in relation to scan and primary mirrors 
The secondary mirror scattering analysis is ’considerably more complex, and 
thus a worst- case analysis was made to give an upper bound for the secondary _ 
mirror scattering component. 

The scattering components for each mirror are'given in terms of frac- 
tional effective scattering. For exarhple, if the whole mirror were uniformly 
irradiated by the earth through a solid angle having a half angle of 7^, its- 
fractional effective scattering would be 1. 0. 

Scan Mirror 0. 97 

Primary Mirror 0.72- 

• Secondary Mirror '^O.'ZO 

The near field scattering for,measured*-VISSR mirrors has been 0. 2 to 
0. 4 of the total hemispherical scatt^'f'; Assuming a nominal fraction of 1 /3 
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for- near field scattering, the near field scattering will be 1/3 and 2/3% for 
total hemispherical scatter of 1% and 2%, respectively. The total near -field 
scattering, -Pg^, (total ),■ is given by summing individual mirror contribution. 

pg^(total) = Pg^(scan) + Pg^(primary) -f pg^(secondary ) 

For Case I where hemispherical scatter is 1% 

■.psc(total) = (b.'97)(0. 33)(0. 01 ) + (0. 72)(0. 33)(0. 01)^0. 20f0. 33)0. 01 

= 0 . 0062 

For Case II where hemispherical scatter is 2% 

• ' pg^ (total) = 0. 0124 . 

The VISSR signal (SyiSSR) will be a function of earth albedo fOi^) within •' 
the instantaneous field of view (IFOV) and the average earth albedo (0!sc) 
within the near field scattering solid angle. The relationship can be ex- 
pressed by 

SviSSR = K(«o + Psc Otgc) 
where K = sensitivity constant 

The fractional quantity (F) 

Ko^o ■ ■ ^ Q!o 

K{d^O ^SC ®^SC^ ^O d" Psc *^sc 

is an indication of the effect. of the scattering component on the accuracy of- . 
the' radiqmetric measurement. 

Figure 3-34 is a plot of F versus Oi^ for two cases of average earth 
(0!g^), Qgc = 0.4 and 0.8. VISSR mirror hemispherical scattering of 1% is 
assumed. Figure 3-35 gives equivalent data for VISSR mirror hemispheri- 
cal scattering of 2%. 

In each of these figures, the upper curve represents a fairly typical 
case since it assumes an earth albedo of 0. 40, The lower curve is a worst- 
case since the earth would have to be covered with high reflectivity clouds. 
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Based on Figures 3-34 and 3-35j the SBRC Specification No. 18761 
regarding scattering has been changed from 1% to 1. 5%.. This could result 
in a radiometric measurement uncertainty of 0. 9% due to scattering for a 
"nominal" earth scene; nominal earth scene being defined as =0.4 and 
.Otgc = 0.4. The corresponding uncertainty for worst-case earth scene .is 
3. 6%. Worst-case earth sc.ene is defined as - 0. 1 and - C. 8. 



Figure‘3-34. Functional Quantity (F) vs Earth Albedo (a^). Hemispherical 
Scatter of 1% for VISSR Mirrors . • 



Figure 3-35. Functional Quantity (F) vs Earth Albedo (CiQ), Hemispherical 
Scatter -of Z% for VISSR Mirrors 
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VISSR/SMS CALIBRATOR 


Optical Design 

Design Considerations - Collimator. - The VISSR calibrator philosophy • 
has dictated that the optical system have ±3 mr field coverage for the visible 
channel 0. 1 1 -microradian (pr) image quality. The IR channel requires a field 
coverage of ±4 mr with roughly 50 pr. The ±3 mr visible - channel field cov- 
erage dictated the use of a Ritchey- Chretien system. 

Design Details - Cpllimator . - The calibrator optical system uses a 
Ritchey- Chretien system. The optical schematic is shown in Figure 3-36. 

The primary mirror operates at f/Z. 4 with a focal length of 43. 4 inches. 
The mirror diameter is 20. 00 inches with a clear -aperture in excess of 18. 00 
inches, The ID is 4. 995 inches with a usable ID of 5.40 inches. The primary- 
secondary spacing is 32. 15 inches. The secondary mirror has a focal length 
of -15. 12 inches. Its diameter is 5. 100 inches with a clear aperture of 4, 90 
inches. The back focal length (BFL) is 43. 992 inches. The effective focal 
length (EFL) is 1-69. 7 inches. The magnification of the secondary mirror is 
169 . 7/43. 40 = -3-. 91 . Thus. the focal plane shift with change in primary- 
secondary mirror spacing is (-3, 91)^ = 15. 3. This value is greater than is 
considered optimum, but the desired ±4 mr field angles make it a necessity 
if vignetting is to be minimal for the 45° scan mirror position. 


Optical ray trace analyses have been completed using the IBM 1130 
computer. The computer ray trace program uses a surface- defining equation 
of the type , ■ . ■ 

Z = + DS^ + ES^ + FS^ + 

1+7 1 - (K + 1)C^S^ 


where 


Z = surface sag 
C = curvature 

S = radial position on mirror 
K = conic constant 

D = 4th order deformation coefficient 
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E = 6th order deformation coefficient 
F. = 8th order deformation coefficient 
G = 10th order deformation coefficient 

'The optical system parameters are given in Table 3-16. 


Table 3-16.' Optical System Parameters 


Description 

Surface 

Configuration 

Parameters 

Comments 

Mirror, Folding P/N 24975 

Plane. 

R = 1/C 

Mirror oriented 
at 45^ to optical 
axis 

Spacing from Mirror, Fold- 
ing-to Mirror, Primary 


34. 77 


Mirror, Primary P/N 24974 

Concave 

Hyperbolic 

,R = -86. 80534 
K ='-l. 0459 


Spacing fro'm Mirror, Pri- 


-32; 15 


mary to Mirror, Secondary 


* 


Mirror, Secondary 

Convex 

R = -30. 24- 


P/N 24972 

Spacing from Mirror, Sec- 
ondary to Mirror, Rotating 

Hyperbolic 

K = -3. 275- 
38. 55 


Mirror, Rotating P/N 25063 

Plane 

R = “ 

Mirror oriented 
at 45° to optical 
axis 

Spacing from Mirror, 
Rotating to Focal Plane 


5; 442 



Figures 3-37 through 3-40 are spot diagrams for field angles 0, Z, 3, 
and 4 mr, respectively. The compromise image plane is 43. 992 inches from 
the secondary mirror. The principal residual aberrations are field curvature 
and astigmatism. The magnitude of field curvature and astigmatism is illus- 
trated in Figures 3-41 and 3-42. The -field angle is 4 rnr and the plotting 
planes are 43; 978 and 43. 972 inches, respectively. 
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Figure 3-37. Spot Diagram 0. 0 mr 
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Figure 3-38. Spot Diagram 2. 0 mr 
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Figure 3-39. Spot Diagram 3. 0 mr 
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Ta,ble 3-17 gives the geometrical blur circle including 95% energy 
based on the image spot diagrams. 

Table 3-17. Image Blur • 


■1 

F leld Angle 
(mr) 

Geometrical Blur Circle 

Including 95% Energy- 
(pr) 

0 

1.4 


1. 5X 0. 6 

±3 

5. OX 3. 0 


10. 6X7. 1 


Radial energy distributions for various fixed angles -are tabulated in 
Table 3-18. These energy distributions were obtained by root-sum-square 
, (rss) of the following: 

Residual geometrical aberrations 
Diffraction effects (X = 0. 6 pm) 

Fabrication tolerances 


Table 3-18. Energy Distribution, Optical System (Class I and II) 


JL 


Angular Dimension 
of 

Measuring Aperture 
(rad) 

Fractional Energy Contained 
within Specified Aperture 

0 mr 

±2. 0 mr 

±3. 0 mr 

± 4 . 0 mr 

2X 10"^ 

0. 13 

■ 0.13 . 

■ 0. 07 

0. 00 

4X10’^ 

0, 44 

0. 44 

0. 27 

0. 05 • 

6x 10"^ 

0. 62 

0. 62 

0. 58 

0. 26 

8X 10“^ 

0. 82 - 

0. 82 

0. 74 

0. 52 

lOX 10-^ 

0. 89 

0. 89 

0. 88 

0. 66 

12X 10"^ . 

6. 91 

0. -^1 

. 0. 90 

0; 82 

14X 10"^ 

0. 92 

0. ^2 

0. 91 

0. 90 

l6x 10-6 

0. 93 

0. 93 

a. 92 

0. 91 

18X 10-6 

0. 94 

0. 94 

0. 93 

0. 92 

20X 10-6 

0. 95 

0. 95 

0. 94 
• 

. 0. 93 
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The estimated equivalent wavefront deformation is giver, in Table i-.'-. 
Table 3-19. Wavefront Deformation (Class I and II) 


Field Angle 

Wavefront Deformation 

(mr) 

X = 0. 6fi 

■' 0 

0.4X 

±2 

0.4X 

±3 

0. 5X 

±4 

0. 6X 


The equivalent modulation is given in Table 3-20, 


Table 3-20. Modulation Transfer 


Spatial 
Frequency 
(cycles / radian) 

. ' MTF 

Sine Wave 

Square Wave i 

- o 
o 
o 

1. 00 

1. 00 

5, 000 

0. 97 

0. 99 

10, 000 

0. 94 

0. 96 ■ 

15, 000 

0. 91 

0. 93 

20, 000 

0. 88 

0. 91 

25, 000 

0. 86 

0. 91 

3Q, 000 . 

0. 83 

0. 91 

35, 000 

■ 0. 80 

0. 90 ■ - . 

40, 000 

0. 78 

0.88 • 

50, 000 

0.-72 

0. 85 

60, 000 

0. 67 

0.81 

70, 000 

0. 61 

0.. 76 


Tolerance Analysis . - Image quality is being specified -relative to the- 
assembled optical train. No specific tolerances have been imposed on the 
flat mirrors or on the primary and secondary mirrors. 

Several degrees of freedom are necessary to optimize. a near diffracrior. 
limited optical system.. These include tilt of one mirror, lateral motion (per- 
pendicular to optical axis), and axial.motion (parallel to optical axis). These 
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adjustments are accommodated by motions built into the primary- secondary 
mirror system as follows: 

1. Tilting the primary mirror ±2,25° about its vertex 

2. Lateral adjustment of the secondary mirror ±0. 040 inch 

3. Axial adjustment of the primary mirror ±0. 2 0 mch. 


The lateral and tilt adjustments are used to compensate for misalign- 
ment between the mirror surfaces and the mechanical axis. The axial adjust- 
ment is required to adjust the system back focal length (BFL). The BFL must 
be adjusted to ±0. 100 inch. 


The optical design equations (equivalent to those contained in the VISSR/ 
SMS Second Quarterly Report) indicate that if no change in primary-secondary 
■'rhirror spacing were permitted, the aspheric primary mirror basic radius 
would be required to be within 0. 015 % of its nominal design. This is clearly 
unreasonable. However, the magnitude of h equal and 


SSp_ 3 


opposite in sign. Therefore, with a ASp_s = ±0. 2 adjustment, 'the primary 
mirror basic curve tolerance can be relaxed to approximately 1/4%. This 
i's a rea-s-onable tolerance fbr a system of this type. 


Vignetting .. - .The VISSR entrance aperture (1 6-inch OD, 6.4-inch ID) 
ideally would be the only aperture stop in the VISSR- calibrator setup for field 
angles of ±4. 0 mr. Because of multiple constraints in the optical-mechanical 
design, this design goal was not realizable. The maximum vignetting, with 
the folding mirror in the 45° position, for the visible and thermal channels 
is . 1/2 and 3/4%, respectively. After the calibrator is assembled, aligned, 
and calibrated, the uncertainty in the vignetting levels is expected to be less 
than 1/3 and 1 /27o for the visible and thermal channels, respectively. 

Structural -Mounting Analysis . - The optical component structures and 
mounting configurations were considered critical elements in the overall de- 
• sign. It has been assumed that the collimator will always be operated in a 
■single spatial orientation; vertical with the folding mirror in the UP pqs.ition. 
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Deflections of the primary mirror structure were calculated. As an 
approximation, a flat plate was used with the following dimensions: OD, 

20 inches; ID, 4. 0 inches; and thickness, 3, 334 inches'. Calculations were 
made to determine the mounting zone where the inner and outer edge deflec- 
tions are comparable m am.plitude. Figure 3-43 ’ indicates the results. It . 
indicates the. mirror should be supported at a -zone with a 7. 6-inch radius and 
that the edge deflections for this case are I.TX.IO”^ inch (less thanX/rO)'. 

The mirror will be supported from this zone by a Pro-Seal annulus serving 
as a bonding agent between the -primary mirror and the Invar mounting plate. 
Additional data are contained in this report in the section entitled Test and 
Calibration Equipment. • 



Figure 3-43. Primary Mirror Deflection vs Radial Position 
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Calibrator - Collimator Optical System Image Quality 

In the final figuring stages of the calibrator optical, elements, it was 

apparent that relaxation of the specification image quality might be necessary 

to enable Perkin-Elmer to have the mirror coatings applied by OCLI in a 

( 

timely manner. Thus, it was important to determine energy distribution 
trade-off and possible relaxation in" the optical specification. 


In addition to the possible specification relaxation, Perkin-Elmer indi- 
cated it was desirable to measure the image energy distribution in a double - 
pass mode. Visualize a point source placed at the calibrator optical system 
prime focal plane. Energy traverses the optical system (backwards) and is 
retro-reflected by an auxiliary plane mirror such that the energy traverses 
the optical system (forward) a second time. The measuring pin hole detector 
is located at the prime focal plane. 


Double-pass measurement mode necessitated modifying the single- 
pass image energy distribution, thus raising the question of what was the 
appropriate method to use. Computer ray tracing showed that image diam- 
eter due to residual aberrations for double-pass was twice single-pass image 

diameter. Thus, it was assumed that image size due to fabrication would 

/ 

also be doubled in the double-pass mode. On the other hand, diffraction 
effects-were assumed to be the same for either measurement mode. 

Thus, the image energy distribution was calculated in the following 
manner : 


Single pass (SP) 


2 1 2 


• 01^ (SP) = [6j ^ 4- 01 ^ 

Total ^Diii 


( 3 - 40 ) 


where 6j (SP) = Total angular image diameter 
° Total 


0jj^ = Angular image diameter due to residual aberration 


3-1 07 
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e 

e 


Id 


II 

III 


- Angular image diameter due to fabrication 
= Angular image diameter due to diffraction 


Double pass (DP) 


©i^iDp) = + (20. )^ + : 

'I^ Total ^Dl ^Dll iDiii 


ri--.: < 


In like manner, double-pass measurements are extrapolated to single 
pass by 

fr .. ‘,2 

2 


eiT.(sp) = 

^Total 




- or. 


(3-42) 


Figures 3-44 and 3-45 IDas’.rate the specification imaie energy distri- 
bution for three field angles for single-pass and double-pass, respectively. 


Due to ancertainties in interpretation of the double-pass data, the de- 
cision vas maae to run single-pass energy distribution measurements. The 
results are given in Figure 3-46. Experimental data (Class ID is plotted for 
single-pass and double-pass. The double-pass experimental data is extrapo- 
lated to single-pass. It appears that the RSS calculation methods as given 
above fit the experimental data well. Although it is seen that the experimen- 
tal data does not meet the optical specification, it is close. The system was 
considered acceptable. 


The collimator mirrors were mounted and ligned in the VISSR calibrator 
structure. The Class I interfefograms are shown in Figure 3-47. The meas- 
uring technique uses a scatter plate interferometer operating at 0. 6328p. The 
calibrator optical system is autocoliimated with a 22-inch diameter test flat. 
The scatter plate is located at the focus. Si.tCc. the system uses a double pass 
configuration, each fringe in the interfer ogram represents A./4 deformation. 

If all fringes are straight and parallel, the system is perfect; any deviation 
from straightness or parallelism represents optical error. Photographs were 
•taken with calibrator axis vertical. The folding mirror was at 45^. Temper- 
ature \yas room ambient at 73"F. 
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Figure 3-44 


Energy Distribution Combined Effects 
(Single Pass) 
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Fractional Energy 




Figure 3-45. Calibrator Optical System Double Pass 
Energy Distribution 
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Fractional Energy 



Image Diameter (p. radian) 

O O Data in Double Pass Energy Distribution Measurements Which 

Has Been Converted to Single Pass Measurement Mode. 

Single Pass Measurement Data. 


Figure 3-4'6'. . Energy Distribution 'Measurement 
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Subsequently, square bar IvITF was measured. The results are shown 
-in Figure 3-48. The decreased modulation at higher spatial frequencies is 
probably associated with: 

1. Image quality slightly less than specification 

2. Measurement configuration 

a. V-micron wide slit 

b, SiPD/electronics frequency response 

3. SBRC collimator. 

The MTF measurements confirm that the VISSR calibrator image quality 
is sufficient, such that the calibrator can be used to measure VISSR. 



Figure 3-48. Square-Wave Modulation, VISSR Calibrator No. 1 


Relation Between EFL, BFL, fp, Sp_s, and fs 

The following analysis is useful in determining appropriate methods to 
measure calibrator -collimator effective focal length (EFL). 

The following gives the mathematical relationship between the quantities. 


EFL 


^s^p 

+ ^S “ ^p-s 


BFL 


^S ^'^p - S ~ ) 

Sp_s - fp-fs . 
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where EFL - effective system focal length 

BFL, = back focal lengthy distance from secondary mirror to focal 
plane 

. fp = primary mirror focal length 
fg = -secondary mirror focal length 

Sp_g = spacing between primary and secondary mirrors 
By differentiation and collection of terms 

5EFL (^s ~ Sq-s) 


5fr 


-*p-s^ 


Ic 


SSp-s 


SEFL _ . ,2 ip_ e V 

- 7^ (fp - Sp.g) 


Sfc 


where M 


EFL 


For the VISSR calibrator system 

EFL = 169. 7 
M = -3. 91 

where fp = 43.4 inches, fg = -15. 12 inches, and Sp_g = 32, 15 inches. 


Therefore, 


_ 2 (-1^1^,- 32,15) 

Sf„ ■ -15.12 


= 47. 8 


= {3. 91)2 = -43. 9 

. °Sp_-g • • -15. 12 

(3. 91)2 (43^4 _ 32, 15) = 32. 6 

^^s (-15.12)2 

The change of focal plane location (AF) as a function of change of fp, 
fg, and Sp_g is given by 
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AF'= Afp - ASp_g + (M^ - 1) Afg + ASg_f 

where Sg_f is the structure's distance from, secondary mirror to prime 
focal plane 

The calibrator specifications include EFL = 169. 7 ± 3 inches and the 
focal plane occurs at the nominal design value ±0. 100 inch. 

Assuming the optical vendor can hold the focal length of aspheric sur- 
faces -within 0. 25% of the design values, 

if Afp = 0. 0025 f = 0.109 inch 

Af- = -0. 0025 f = 0. 03 8 inch 

S g 

then AEFL = (47, 8 ) (0. 1 09) + (32. 6)(0. 038) 

=■ 5. 2 -f 1. 24 = 6. 44 


To correct for this; a change in Sp_g is required: 


^^p-s 


AEFL 
43. 9 


6. 44 
43. 9 


= -0. 147 


The change of focal plane, AF, for this condition is 


AF = (3. 91)^ (0. 109) - (3. 91)^ (0. 147) 

-r (3. 91^ - 1)(0. 038) + 0. 147 
= 1.67 - 2.25 + 0.54 + 0.147 = 0.11 

Thus, both EFL and focal position are not compensated for simultaneously 
by a change of Sp_g. Thus, a compromise may be necessary. 

For the case given above, assume residual AF = 0. 050. Then, 

-0.050 + 1.67 + 0.54 + 0.147 2.307" ; 

= 

This results in AEFL of 


AEFL = (47. 8)(0. 109) - (43. 9)(0, 151) + (932. 6)(0. 038) 
= 5. 2 - 6. 64 + 1. 24 = -0. 20 
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Thus, if the aspheric surfaces can be figured such tl'at their fcoal 
lengths are within 1/4% of the design values, the calibrator specifications 
for EFL and image plane location can be met with the adjustment capabiifty 
built into the VISSR calibrator hardware. 

One of the potential optical vendors has asked how the EFL of an opti- 
cal system can be measured to the accuracy being requested for the VISSR 
calibrator. Since the EPL has been specified as 169.7 ± 3 inches, the meas- 
urement technique should be good to 1. 5 inches. 


The image motion, t), (perpendicular to optical axis) as a function of 
input collimator beam angle (6) is given by 

D = (EFL) e 

By differentiation 

o(EFL) _ X. o(EFL) ^ _D_ 

sd 6 ’ ae ■ 62 

The total error in measurement of EFL,'-(AEFL)Xj due to errors in 
linear dimension, D, and angle, 0, is given by 


(AEFL)t ^ 


AD 


da6 

6 

i 

02 


6AD + DA6 
62 


'If measurement accuracy of D = 0. 003 inch and 6=3 sec = 15X10"^ 
radian Is assumed, and a nominal change of collimator beam angle of 6 = 

0. 003 radian 

(0. 003)(0.003)+,(0.509)(15X10-6) 

(0. 003H0.003) 

= 1.8 inches 

■ Thus, i't is" apparent that a careful measurement setup is required if 
accuracy of EFL measurement is to be achieved to ±1. 5 inches, although it 
does appear feasible to accomplish it. 
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Design Goals . - The design goals for the VISSR calibrator visible 
source' included: 

1. -Field coverage - 4 mr 

2. ' Earth albedo radiance levels - 0, 1 5 to , 1 . 0 in eight steps achieved 

by NDF elements 

■ ‘3. ■ .Uniformity 

a. • -Field ±2% . ' 

b. Aperture ±10% 

4. Simulation of solar spectral distribution 

5. Radiometric calibration - 10% 

■■ The task of achieving the above requirements simultaneously was a 
formidable one. However, the reasons for achieving them appeared valid. 
For example, the field coverage was necessary to reduce thermal vacuum 
alignment problems, especially at Philco-Ford. VISSR had to be calibrated 
over the 0 to 1.0 earth albedo range.- Field uniformity has a direct relation- 
ship to calibration accuracy. There is some evidence that PMTs have spec- 
tral sensitivity changes as a function of temperature. The effect on VISSR 
radiometric calibration of the above, or any other cause of VISSR spectral 
sensitivity change, will be minimized by having the VISSR calibrator spectral 
radiance distribution simulate solar spectral distribution. 

Detailed Design .' - The final design concept is schematically illustrated 
in Figure 3-49. The radiant energy source is a Sylvania Halogen lamp Model 
FAV. The lamp filament is imaged at the calibrator "entrance pupil image 
plane" via the first field lenses and relay lens. It is then imaged onto the 
calibrator entrance pupil via the second field lens. The plane labeled "image 
of calibrator focal plane" is imaged at the MTF reticle plane /calibrator focal 
plane via the relay lens. 

A ground fused s.ilica diffuser is placer near the FAV lamp envelope 
to diffuse the lamp filament at the calibrator entrance pupil and' to enhance 
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Figure 3-49. Calibrator Visible Source Optical Schematic 
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■uniformity at the calibrator focal plane. This diffuser causes large non- ' 
uniformity of radiance level across the calibrator entrance pupil. The ele- 
ment with radial -varying transmittance function is introduced at the plane 
labeled image of calibrator entrance pupil to compensate for the diffuser 
effect. 

The trim NDF element is used to reduce visible sour ce /collimator 
maximum radiance level to Unity effective albedo. The filter s - solar spec- 
tral correction converts the visible source /collimator spectral radiance to 
a distribution approximating solar spectral distribution. 

Initial design efforts used computer ray tracing techniques. The uni- 
formity aspects of the optical system could not be handled with existing pro- 
grams and knowledge of diffusing element characteristics. 

The optical system was set up bfeadboard fashion in the laboratory. 

Solid angle-area (ilA) calculations were used to pbtain appropriate spacings 
and lens focal lengths. The solid. angle^-a^rea product required by the design 
goals was 0. 0038 sr in.^ The solid angle -area products throughout the opti- 
cal system were verified. Table 3-21 summarizes the visible source optical 
system parameters. 

. The element with radial varying transmittance function serves two 
purposes. First, there is a photoetched mask which simulates the calibra.tor 
entrance pupil. This permits more realistic laboratory uniformity measure- 
ments .without the necessity of having the mass we calibrator - collimator optics. 
The second function is to improve uniformity across the calibrator entrance 
pupil. Figure 3-50 illustrates the radial transmittance function. The trans- 
mittance function as illustrated was obtained by vacuum-depositing techniques.* 
The photoetched titanium- gold mask was. fabricated first. The part was then 
coated with Nichrome. The Nichrome was deposited through a 0. 020-inch 
wide evaporation slit. During the depositing, the glass element was rotated 
about an axis perpendicular to the surface being coated. The result is. a film 
thickness that varies in the radial direction. 
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Table 3-21. Visible Source Optical System Parameters 


Description 

Dimensions 
(inches ) 

Configuration 

Comments 

Quartz Iodine Lamp - FAV 

0. 10X0. 11 

Helical 

Sylvan ia 

Ground Fused Silica to Field 




Lens lA 

0:485 

Spacing 


Fused Silica 


« t 

* ♦ 

Thickness 

0. 067 

Plane parallel 1 

OD • . 

0. 70 

i ■ 1 

Filament to Field Lens lA 

0.725 

Spacing 


Field Lens lA 



Fused silica 

Rl 

-1. 351 

Spherical 


Thickness 

0. 20 



R2 

-0. 65 



Field Lens lA to IB 

0. 10 

Spacing 


Field Lens l.B 




Focal length 

1. 97 

Spherical 


Thickness 

0. 146 



OD 

.1.18 - 



Field Lens 1 B to Relay Lens 

o 

o 

Spac ing 


Relay Lens 




F ocal length 

2. 50 



Thickness 

0. 138 



OD 

0. 985 • 



Relay Lens to Aperture 




Element 

2. 07 

Spacing 


Aperture Element 


Plane' parallel 


Thickness 

0. 10 



OD 

1.15 


• 

Aperture Element to Field 




Lens 2 

,2. 53" 

Spacing 


Field Lens 2 




F ocal length 

2. 48 


- 

Thickness 

0. 198 

J 


OD 

1. 18 



Field Lens 2 to MTF Wheel 

1. 075 
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Figure 3-50, Aperture Element - With Radial Varying 
Transmittance Function 
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The evaporation slit with uniform, slit width was used for VISSR cali- 
brator No. 1. Figure 3-51 illustrates the anticipated corrected relative 
radiance function across the calibrator entrance pupil. If an evaporation 
slit with variable width were used, the relative radiance (corrected) curve 
■could be made flat within the bounds of the visible source radial symmetry. 
Due to schedule and cost considerations, this was nor done. 

The ground fused silica scatterer is fabricated in the following manner. 
American Optical grinding compound No. 302 t is mixed with water and spread 
thinly on a thick glass plate. The fused silica substrate is pressed firmly 
against the plate and slowly moved in. a figure 8 pattern for a few minutes 
until the surface is ground. 

The neutral density filter wheel provides filters for eight albedo levels. 
The nominal transmittance of the NDF wheel- elements is listed in Table 3-22. 

Table 3-22. NDF Wheel Elements, Nominal Transmittance 


Position 

Transmittance 

1 

1. 00 

2 

0. 91 

3 

0. 84 

4. 

0. 75 

5 

b. 65 

6 

0. 51 

7 

0.32 ■ 

8 

0. 15 


Uniformity Measurements . - Preliminary uniformity measurements 
have been made on the revised design breadboard- visible source system. The'' 
aperture uniformity is shown in Figure 3-52. The inner and outer diameters 
correspond to the VISSR calibrator entrance pupil. The average value across 
the aperture is 3. 40. The variation is -i-15%, -20% for 95% of the aperture. 
Figure 3-53 illustrates field uniformity. The total field diam-ecer is 4 mr. 
Average value across the field is 3; 54 with a variation of ±5%. 
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Figure- 3 -52, Aperture Uniformity- Breadboard 
Visible Source - Revised Design 
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. Spectral Ra.diance Distribution Matching- . - The VISSR calibration accu- 
racy will be enhanced if the VISSR calibrator spectral distribution matches' 
solar spectral distribution. Schott glass filters FG6 (4 mm) and BG34 
(1. 0 mm) modified the quartz iodine lamp and collimator spectral charac- 
teristics’. ‘ Table 3-23 lists measured transmittance for Schott glass. 


Table 3-23. Schott Glass Transmittance 


X 

(pm) 

FG6 

(4, 0 mm) 

,BG34 

(1. 0 mm) 

0. 50 

0. 70 

0. 59 

0. 55 

0. 60 

0. 49 

0. 60 

0. 51 

0. 40 

0. 65 

0. 44 

0. 31 

0. 70 

0. 48 

0. 32 

0. 75 

0. 45 

0. 29 


Figure 3-54 compares earth spectral radiance with relative calibrator 
spectral distribution and a quartz iodine lamp (GE/FDT) operated at 60 watts 
giving a filament temperature of 2850°K. 



Figure 3-54. Spectral Radiance Distribution Matching 
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Lamp Parameters 

The lamp filament temperature versus current was measured for three 
quartz-iodine lamps, Sylvania Model FAV. An optical pyrometer was used 

■ for the color temperature measurements. The current was regulated using 
an EG&G Model' 590 ac power supply. The pyrometer readings were con- 

■ verted to true temperature using: 


Ttr 


T 


ue 


pyrometer 


* "^pyrometer (^w '^envelope ^ 


Table 3-24 is a tabulation of the results. 


Table 3-24. i'AV Quartz Iodine Lamp Filament 
Temperature vs Current 


Current 
(amps } 

Filament Temperature (°K) 

Lamp No. A 

Lamp No. H 

Lamp No. I 

5. 0 

2280 

2288 

2284 

5. 2 

■ 2313 

2343 

2346 

5. 4 

2385 

2420 

2398 

5. 6 

2466 

2489 

2480 

5. 8 

2530 

2534 

2529 

6. 0 

2592 

2597 

2588 

6. 2 

2 648 

2658 

2637 

6. 4 

2702 

2699 

2712 

6. 6 

2780 

2762 

2759 

6. 8 

2832 

2852 

2850 

7. 0 

2900 

2882 

2892 

7. 2 

2964 ■ 

2 944 

2932 

7. 4 

2 998' 

2 992 

3005 

7. 6 

3060 

3050 

3040 


The strip filament' lamp used as a secondary standard of radiance was 
measured at two current levels to develop a relationship between current 
regulation and radiance level. Figure 3-55 illustrates the results, w^here 
N is the spectral radiance, I is the lamp current, and E is the exponent de- 
rived from the m.easurements. 
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Figure 3-55. Spectral Radiance vs Current, 
Strip Filament - Secondary 
Standard of Radiance 


Calibration 

Visible Source . - The VISSR calibrator's visible source calibration 
shall include the following: 

1. Measurement of aperture uniformity 
Z. Measurement of field uniformity 

3. Adjust radiance level to approximate a maximum of unity albedo 

4. Calibration of calibrator radiance levels for all positions of filter 
wheel 

5. Confirm quartz iodine lamp assembly replaceability 

The calibrator aperture uniformity will bP measured by sampling the 
output beam. Areas {1 through 12) to be measured are illustrated in Figure 
3-56. The field uniformity will be measured by scanning a point detector 
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across the field. Point detector is defined as having an IPCV of a;: or 
25 p.r. A total field of 4 mr will be sampled at intervals of 0. 25 mr. 

The spectral radiance calibration of the calibrator shall be determined 
by comparison with a strip filament secondary standard of radiance. The 
calibration block diagram is given in Fignre 3-57. ■ 

The SBRC collimator enables complete sampling of the VISSR calibraror 
exit’ pupil. The fused silica lens Li collimates radiation coming through the 
SBRC collimator. Lens L^ collimates radiation from a secondary reference 
standard' lamp. Neutral density filter (NDF^) reduces the secondary standard' 
radiaiice, N 33 , such that hlsS ^ ^VC- 'The reflecting chopper enables the SiPD 
detector to s'ee the VISSR calibrator and secondary standard twice per chopper 
wheel revolution. .Lens L 3 images the standard lamp filament and VISSR cal- 
ibrator focal plane onto the entrance slit of the Perkin-Elmer Model 1 6 U filter 
grating spectrophotometer. The aperture fnask, SBRC collimator, and VISSR 
calibrator are aligned so that the VlSSR calibrator exit pupil is imaged on the 
aperture mask symmetrically. The aperture mask must be the only aperture 
limiting stop. 

The spectrophotometer slit width will be 2 mm (0, 080 inch) and the slit 
length will be masked to 0.216 inch (nominal). Thus, the spectrophotometer 
will sample an instantaneous field of 0,8 mr by 2 mr. The spectral slit width 
for this condition is 0. 0044 micron. Lens, L 4 , will image the exit slit onto 
the SiPD, 

SiPD detector signals for the following conditions will be used. 

Svc-SS “ SiPD alternately sees VISSR calibrator visible source 
(VC) and radiance standard (SS). 

Svc -SS “ SiPD alternately sees VISSR visible reference (VCq) 
and SS. Calibrator five-position mirror is actuated. 

Sy (3 - SS arm is blocked off. Block between chopper and 

lens L 7 . 

Sgg - VC arm is blocked off. Block between chopper and 

lens Lj . 

Sq - Block at PE 1 6 U entrance slits. 
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Spectrophotometer 


Figure 3-57, Calibration Block Diagram 
















Jote; •Syc ^_33 and S 33 sh-Ould be the same for all wavelengths. 

If this is the case, only one sample needs to be taken. 

Sq should be zero for all wavelengths. If this is shown to be the case, 
•only occasional checks are required. 

■ With blocks between chopper and chopper L 2 , the signal must be 
equivalent to Sq- • 

Record SiPD signals for the spectral range of 0. 5 X ^ 1, Op in steps 
of AX = 0. 02p. Recorded signals shall include: 

Svc-ss. Svc. s o-> Sss- 

Data will be examined for internal consistency in the following manner. 


■(Svc-ss) - (So) - (Svc - Sss) = ■ 

where A should have the relationship A^ 0. 03 SyQ.sg. This is a calibration 
design goal. 


The spectral radiance of the VISSR calibrator is calculated using the 
following equations: 


NvC(^) 


K(X) SyQ_33 - Ns3(X) ■7'l^.(X) T3q£,p(X) 
^coll(^) '’’Li(^) Pch(^) 


where 


K(X) = 


NSS(^) T L2(^) ''‘NDF(^) 
Sss - So 


The VISSR calibrator effective albedo level is calculated using 

]‘NyQ(X) Ryj32j^(X) dX 
_ X 

I^earth(^) ^ VISSR (^) ^^ 

•where O^EFF' ~ effective albedo level 

RvIS 3 r(^) = VISSR relative spectral response 

Nearth(*^) “ earth radiance, a perfect diffuse scatterer is assumed. 

The required transmittance for the trim NDF element for a given lamp 
assembly (A) /VISSR model is calculated by 
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Li=l 




/8 


The various VISSR visible channels are represented by i values. 


The detailed calibration procedure for the VISSR calibrator visible 
.source calibration is covered by SBRC Specification No. 19474. 

Polarization Effects. - Polarization is a potential source of radiometric 
calibration uncertainty. There are three principal sources of polarization: 

1 . Scene 

2. Calibrator 

3. Instrumental polarization 


The scene polarization is unknown. However., since VISSR may view 
the earth (near the edges at least) at highly oblique angles, the anticipated 
polarization is not expected to be negligible. 

The calibrator uses a quaxtz iodine lamp. Measurements made at 
SBRC on several lamps indicate polarization levels of 5 to 14%, In addition, 
the calibrator will have folding mirrors operating at 45° incidence angle 
which will increase the calibrator ' s, polarization. 

The VISSR scan mirror (’^45°) will introduce additional polarization. 

The fiber optic will serve as a depolarizing element; this is probably very 
fortunate since the photomultiplier tube being used with an enhancement prism 
will be a major polarization sensitive element. 

Equations are given such that radiometric accuracy can be calculated 
for various scen’e, calibrator, and VISSR polarization models. 


Degree of polarization (P) is defined by 

Ni - N|| 

P = 

Ni + NI 


(3-43)' 
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This expression is useful both for scene and calibrator radiance (Nh The 
calibrator radiance can be further broken down to lamp raaiance modified oy 
various calibrator elements. 


A method is required to handle the VISSR fiber optics depolarization 
effects. It is assumed that the depolarizer function is such that 

• ■ Pf = DPi ' . ■ , ■ ■■ (3-44) 

where 'D = a constant, 0 ^ D ^ 1. 0 and subscripts "f" and "i” mean 
. . final and initial. 


N|.-- Nl . 

Pi = — 

' N.-+NII 


(3-45) 


The fiber is assumed to be a lossless element relative to polarization 
■effects. Thus 

Ni^ + N||^ = Nl. + N||. . (3-46) 


Furthermore- 


Nl, -N||^=D(Ni. -N,,.) 


(3-47) 


From equations 


(3-46) and (3-47) -we obtain 


and 


[(l+D)Ni. + (1-D)N||.] • (3-48) 

N|]^‘= Y ^(,l-D)Nl. + (1+D)N||.: (3-49) 


Equations (3-48) and (3-49) describe the effects of the depolarizer ele- 
ment (fiber) where Ni. and Njj. are radiance levels going into fiber and sub- 
script “f" designates values at exit end of fiber. 

The expression for VISSR signal level (S) can be written as 


S = 


Ki[(l+D)NiPi^ + (l-D)Njjp|j^] 


+ |-Kjj[(l-D)NiPi^ + (l+D)N;jp;^] 


(3-50) 
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Q 

A 

Ki 

^ 1 ! 

D 


= VISSR signal 

= VISSR optical system transmission 
= VISSR FOV, sr ■ ■ 

= VISSR entrance aperture, cm^ 

= PMT and electronics sensitivity to ~ component, 
= PMT and electronics sensitivity to component, 
= Depolarising fiber element constant 
= Radiance levels, watts (cm^ sr)~^ 

= Scan mirror reflectivity 


volts / war* 
volts f v/att 


Equation (3-50) can be used to numerically determine the polarization effect 
on radiometric accuracy in the following manner; 


3^ [Ki{(l-tD)NiPi^+fl-D)X__p ^}+Ki|[(l-D)NiPi^ + (l+D)N,|p;i^}]j 
^ ~ [Ki{(l+D)Nip7”-r(l-D)X|jPjj^]+Kj|{(l-D)NiPi^+(l+D)N|jPj;^j]^ 


(3-51) 


The base line condition will assume the following parameters: 


1 , 

Nonpolarized incident radiation. 

• Ni = N|| 

2. 

Fiber depolarizer, D = 0. 02, 0. 

06, 0. 10 

3. 

VISSR scan mirror, Pl^ = 0- 99 





4. 

PMT sensitivity, Kj_ =2.5 

■ 


•■■'k||=1.7 ■ 



Note: PMT sensitivity is patterned after published data from 

Applied Optics. 

' - Holding items 2, 3, 4 constant, the base line conditions should be com- 
pared with the following conditions for item 1. 

a. P = 1. 0 

b. , P = 0. 4 

c. P. = 0. 1 

d. P = 0. 05 
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The results of these comparisons are graphically illustrated in Figures 
3-58j 3-59, and 3-60. Values for the fiber optics depolarization,- D, used to . • ' 
calculate data for plotting of the figures are 0^ 02, 0. 06, and 0. 10, respectively 

.• It is to be noted that the ratio of Si /S^ is not a strong function of D. ' 

The proper interpretation of this is that the interaction of the incident par- 
tially polarized radiation and the 45° scan mirror are the principal causes 
of the ratio /S^ to deviate from unity. 

Thermal Blackbodies . - No radiometric calibration is made on the 
thermal blackbodies. The source cavity is designed such that the emissivity ’ 
.is greater than 0. 99 based upon theoretical arguments. Thus the blackbody 
radiance is calculated assuming an emittance of 1. 00 using the measured 
cavity temperature. 

The VISSR calibrator mirrors will modify -the calibrator IR radiance 
levels by their reflectances. There are four such mirrors. 

A means of monitoring. the combined mirror reflectance as a function 
of time has been considered. NASA/GSFC has indicated this is not to be 
implemented at this time. ' • • 

It shovild be noted that the initial spectral reflectance measurements of 
VISSR calibrator mirrors have an uncertainty of 1/2 to 1% per mirror. 

Alignment . . • ' 

, Alignment Functions . - The VISSR calibrator has s.everal alignment 
functions. These are: 

1. Folding mirror - electronic auto c oil imation_ 

2. Vernier pattern on visible MTF wheel 

3. Alignment microscope 

4. Accessory alignment telescope/prism assembly 
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Detailed Discussion . - The VISSR system testing required that the scar- 
mirror drive system be tested in thermal vacuum environments. Items 1 and 
2 are used to accomplish the measurements. 

The large folding mirror can be set at any of three angles remotely. 

The angles are 41°, 45°, and 49°. This is accomplished by mount-^ng a t'nr^e- 
faceted mirror monitor onto the folding mirror. Adjacent facets have an in- 
'cluded angle of 17b“. The angles are known with an accuracy of better than 
1 arc sec. An electronic auto collimator is aligned with respect to the mirror 
monitor center facet such that a null signal is obtained when the folding mir- • 
ror is at 45°. Null signals froin the auto collimator are obtained when the 
folding mirror is rotated by it4°. Thus, for any given temperature, the fold- 
ing mirrbr can be rotated to three positions for which the relative angular 
relationship is known with precision. 

Each time the VISSR calibrator is used to test the VISSR system, the 
two systems must be optically aligned. There is an alignment microscope 
on the VISSR calibrator instrument plate that is aligned to the VISSR calibra- 
tor optical axis and is focused on the calibrator focal plane. 

The VISSR and VISSR calibrator optical axes can be aligned parallel to 
each other by aligning the -VISSR illuminated fibers symmetrically to the 
alignment microscope cross hairs. The VISSR optical system axis is de- 
fined by the center of the fiber optics array. 

The accessory alignment telescope/prism assembly provides the means 
to assure superposition of the optical axes via measuring lateral (perpendicu- 
lar to optical axis) alignment. The accessory assembly consists of a prism 
and alignment telescope with supporting stxucj:.ure. The assembly is aligned 
to the VISSR calibrator so that the alignrrieht telescope line of sight is coin- 
cident with the VISSR calibrator optical /mechanical axis as it is projected 
away from the calibrator folding mirror toward the 'iTSflR. The VISSR has 
an alignment target on the secondary mirror which is xocared on the pro- 
jected VISSR optical/mechanical axis. 
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The VISSR and VISSR calibrator are aligned when the VISSR projected 
illuminated fibers are aligned to the alignment microsc’ope and the alignment 
telescope line of sight pierces the VISSR secondary mirror alignment target' 
simultaneously. ■ 

Optical Effects Related to VISSR to VISSR-Calibratbr Alignment. - There 
are several effects .associated with misalignment of the VISSR/SM.S to VISSR/" 
SMS calibrator. 

The separation between the VISSR /SMS and VISSR /SMS calibration in- 
struments will affect the VISSR /SMS radiometric calibration accuracy and the" 
measurement of scan drive step accuracy. Both effects are related to illumi- 

. nation vignetting of the VISSR optical systems. 

♦ 

Visualize a configuration where VISSR and VISSR calibration. optical 
axes are "nominally" parallel with angular and lateral misalignments result- 
ing in the VISSR calibrator clear aperture and/or field not filling the VISSR 
entrance aperture and/or field. The vignetted VISSR aperture or field will 
result in a pseudo-decrease m VISSR sensitivity. 

Figure 3-61 illustrates the vignetting for a pure lateral misalignment 
{perpendicular to^instrument line of sight). The 'distance from the VISSR/SMS 
calibrator centerline to VISSR/SMS centerline is assumed to be 90 inches. 

Figure 3-62 illustrates the vignetting for angular misalignment. The 
vignetting discontinuity at 2 mr for the visible channel is due to the calibrator 
visible source angular diameter of 4 mr. ' . 

It is assumed that the radiometric calibration ■will be limited to the case 
where the VISSR scan mirror and VISSR calibrator folding mirror are at 45" 
with respect to the optical axes. - , ’ 

The vignetting present in the scan drive step m'easurements is much 
larger since the VISSR scan mirror and VISSR calibrator folding mirror 
rotated from the 45° angular position. However, it is assumed that scan 
drive step measurement accuracy is not a function of aperture vignetting 
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providing siafficient illumination is present to give an adequate signal-to-noise 
ratio. The vignetted case s ignal-tq-nois e ratio, SNRyjQ, can oe approximated 
by 

SNRviG = SNRq/F 

where SNRq = signal to noise with VISSR entrance aperture filled; 

SNRq ^35 

F = fraction of VISSR aperture being illuminated 

Figure 3-63 illustrates the fractional VISSR illuminated aperture as a 
function of separation between the center lines of VISSR and VISSR calibrator. 
The .curve assumes scan mirror angles of 41° and 49°. 



Figure 3-63. Fraction of VISSR Aperture Being Illuminated 
as a Function of Distance be.tween Center - • 

Lines of VISSR and VISSR Calibrator 
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Calibrator No. - 1 Uniformity Measurements 

Major difficulties have been encountered with respect to VISSR calibra- 
tor uniformity. During the January 1972 radiometric calibration, measure- 
ments wore made' of VISSR calibrator No. 1 field and aperture uniformity. 
Field uniformity is that measured at the calibration focal plane. Aperture 
uniformity is that measured in the collimated beam. the measureii^ ents 
•were made using a small optical system consisting of a E-inch diarh'eter fused 
silica lens with a pinhole at its focal plane. An SiPD detector was positioned 
behind the pinhole. The calibrator's aperture was sampled w'ith 1. 0-inch 
diameter apertures. The field uniformity was sampled with a pinhole of 
0. 004 inch. The measured resiilts were: 

a. Field Uniformity ±10% 

b. Aperture Uniformity 25% 

Subsequent to these measurements^ VISSR calibrator No. 1 was taken 
to El Segundo in preparation for VISSR thermal vacuum testing. Prior to 
VISSR testing, it was necessary to replace field lens lA, P/N 25331, and 
the quartz iodine FDT lamp. Due to schedule commitments, no measure- 
ments were made at this time to ensure optimum alignment. 

Limited measurements were made on calibrator No. 1 field uniformity 
using engineering model VISSR. VISSR scan mirror was used to scan cali- 
brator focal plane. These data are summarized in Table 3-25. 

Table 3-25. VISSR Calibrator No. 1 Field Uniformity 


Scan Mirror 
Encoder 
Readout 

VISSR Channel I*’" Output 
. (volts) 

Initial 

Repeat 

-3 

3.44 

3. 40 

••'-2 

3. 52 

3. 50 

-1 ' 

3. 4& 

.3. 46 

0 

3. 45 

3. 44 • 

+ 1 

3. 72 

3. 74 


3.81 

3. 81 

+3 

3. 20 

3. 20 


*NDF wheel position No. 6 ■was used in the above measurements. 

1 
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VISSR output changed by a factor of 2- at encoder line +6. These data ■ ; . ' 
were verified in a dummy bench test at SBRC on 22 May 1972, 

Detailed VISSR calibrator No. 1 field and aperture uniformity were 
•made iz June 1972. • The -calibrator was aligned to the SBRC coUin.ator. A 
0. 0025-inch diameter fiber was located in the SBRC collirr.,atcr ic.al plane. 

The energy transmitted by the fiber was collected by an SiPD oc. i.e<-.-or . Thus 
the calibrator field was sampled with a 23-p.r probe. The aperture was sam- 
pled with 2-inch diameter masks located between the calibrator and collimator. ‘ 
•The same fiber - SiPD wa's used as the- detecting system. 

The aperture sampled areas are illustrated in Figure 3-64. SiPD out- 
put voltages associated with each sampled area are listed in Figure 3-64 also, 

• The field uniformity was measured in 0. 050-inch increments at the 
SBRC collimator focal plane. This corresponds to angular increments of 
0.46 mr. The results are tabulated in Table 3-26. 

Table 3-26. VISSR Calibrator .No. 1 Field Uniformity Data (6/12/72) 



0. 20 

0. 30 

1. 20 ■ 

1. 70 

2. 

10 

2. 60 

2. 30 

1. 95 

1. 10 

0. 20 


0. 15 

1. 45 

2. 00 

2. 60 

2. 

80 

3. 60 

3. 30 

2. 90 

2. 30 

1. 10 


0. 10 

2. 10 

2. 50 

3. 20 

3. 

10 

2, 10 

2. 66 

4. 10 

2. 80 

2. 00 

u 

c; 

0, 05 

2. 65 

3. 00 

3. 60 

2, 

60 

3. 00 

2. 80 

3. 00 . 

2. 95 

2. 20 


0 

2. 90 

3. 10 

3. 05 

2. 

70 

o 

00 

3. 00 

3. 15 

.2. 90 

2. 40 

CO 

< 

1 

O 

o 

2. 65 

2. 60 

2. 70 

2. 

60 

1. 95 

2. 70 

2. 75’ 

2. 60 

2. 15 

4 

I 

O 

o 

2, 50 

2. 50 

2. 40 

1. 

90 

2. 10 

2. 05 

2. 30 

2. 15 

1. 70 


-0. 15 

1. 65 

2. 10 

2. 10 

1. 

90 

1. 75 

1. 65 

1. 65 

1. 71 

1. 10 


-0. 20 

0. 17 

1. 50 

1. 80 

1. 

70 

1. 60 

1.50 

1. 35 

1. 00 

0. 10 



-0. 20 


-0. 10 



0 


tO. 10 


+0. 20 


X Axis (inch) 

Based upon the above data, aperture uniformity varies by a factor of 
three. However, if one point is discounted, the uniformity is +30“' and -25% 
from the average. The field nonuniformity varied by more than a factor of 
two, 
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OPTICAL COMPONENT MEASUREMENTS 

• , 

Reflectance - Coated Mirrors (Protoflight) 

Spectral reflectance for silicon oxide overcoated alnminvlm mirror 
surfaces is shown in Figures 3-65 and 3-66 for the visible and IR regions, 
respectively. 



Figur-e 3-65. Coated Mirror Reflectance, . Visible Region 



Figure 3-66. Coated Mirror Reflectance, IR Region 


Reflectance - Polished Electroless Nickel 

The reflectance of one of the VISSR polished electroless nickel test 
specimens is plotted in Figure 3-67. 



Figure 3-67. Spectral Reflectance of Polished Electroless Nickel 
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Transmittance and Crosstalk - Fiber Optics ’ 7 ^ 

Transmittance (absolute) and crosstalk measurements are made by the 
vendor (Bendix Mosaic) for each fiber of the fiber optics assembly prior to • . 
delivery to SBKC, Both measurements are made with the same test setup. 

The beam from a He/Ne laser source (0. 6328 micron) Is focused down to a 
0.000175-inch spot (radius) and directed into an Integrating sphere where- tne 
total amount of light is collected and measured by an El. Dorado Model 201 
photometer. The input beam is then directed onto the common end of the 
initial fiber in the array. The integrating sphere is placed just below the 
surface of the filter block located at the other end of the fiber and a measure- 
ment is made. The transmittance measurement for the fiber is the ratio of 
the pho1;ometer reading obtained through the illuminated fiber to that for the 
.direct laser input to rhe photometer. Data for crosstalk is obtained by posi- 
tioning the integrati-_.g sphere under each of the remaining seven un illuminated 
fiber filter blocks and recording the photometer reading in each of the seven 
cases. Crosstalk value, for the illuminated fiber is the sum of the photometer 
readings for the seven unilluminated fibers normalized to the input beam. 
Transmittance and crosstalk measurements are made for 'each of the eight 
fibers. Table 3-27 indicates the values obtained on fiber optics assembly, 
serial No. 102. Transmittance values are given for hemispherical pickup 
(collecting sphere placed just below the surface of the. filter block; i. e. , f/0,5 
solid angle) and for a slightly decollimated beam (collecting sphere withdrawn 
a distance of 0. 746 inch from the output fibers; i. e. , f/3 solid angle). 

Relative 'Spectral Transmittance - Fiber Optics ' 

Relative spectral transmittance measurements are made on each fiber 
optics assembly when received .at SBRC. Relative spectral transmittance for 
a representative fiber optics assemblyis" illustrated in Figure 3-68. Meas- 
urements are over the visible wavelength region.’ 
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Table 3-27. ' Fiber Optics Assembly Transmittance and, Crosstalk 



0 

1 

Light Output from Fiber No. 

2 3 4 5 6 7 

8 

9 


No. 

1 


X 

0.25 

0. 05 

0. 02 

0. 02 

0. 02 

0. 02 

0. 02 


c; 

No. 

2 


0. 15 

X 

0. 40 

0. 03 

0. 03 

0. 02 

0. 02 

0. 03 


o 














No. 

3 


0. 02 

0. 20 

X 

0. 30 

0. 03 

0. 02 

C. 02 

0. 02 















bo 

No. 

4 


0. 02 

0. 03 

0. 20 

X 

0. 19 

0. 03 

0. 03 

0. 02 

; 


No. 

5 


0. 02 

0. 03 

0. 02 

0. 15‘ 

X 

0. 20 

0. 02 

0. 02 


■ T3 
u 

No'. 

6 


0. 02 

0. 02 

0. 02 

0. 02 

0. 23 

X 

0. 21 

0. 03 


,3 

No. 

7 

• 

0. 03 

0. 02 

0. 02 

0. 02 

0. 02 

0. 19 

X 

0. 15 



No. 

8 


0. 07 

0. 03 

0. 02 

0. 02 

0. 02 

0. 03 

0. 12 

X 



Crosstalk from Other 7 Fibers 



0. 33 

0. 58 

0. 73 

O'. 5 6 

0. 54 

0. 51 

0. 45 

0. 29 



Transmittance 

■with Hemisnherical Pic 

kup 


77 

80 

81 

80 

79 

78 

78 

87 

■ 77 

/75 



Transmittance 

with f/3 Pickup 





78 

77 

75 

72 

74 

71 

85 

71 

■ 
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Transmittance - IR Channels Optical Elements 

Spectral transmittance curves for the optical elements of the IR channels 
are shown in Figures 3-69 through 3-7Z, Figures 3-69 and 3-70 illustrate the 
spectral transmittance for 0® incident light for .the IR relay lenses and for the 
IR bandpass filter, respectively. Figure 3-71 illustrates spectral transmit- 
tance at 0°' incident light for the Irtran 2 window on the radiation cooler. 
•Additional plots for the Irtran 2 window over an extended IR spectral region 
are shown in Figure 3-72. In addition to spectral transmittance measure- 
ments over the extended IR spectral region, calculated absorption and .re- 
flectance measured at 45'^ incidence are plotted for the extended spectral 
region. 



Wavelength (microns) 


Figure 3-69. Spectral Transmittance - Relay Lens 



Wavelength (microns) 


Figure 3-70. Spectral Transmittance - Bandpass Filter 



. . Wavelength (microns) 

Figure 3-71. Spectral Transmittance - Irtran 2 Window 
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Tigure 3-72, Spectral Transmittance.^ Irtran 2 Window - , 
• Extended IR Spectral Region 


INTEGRATED MULTIPLIER PHOTOSENSOR (IMP) 

MEASUREMENTS ' 

• / 

Extensive tests on the IMP units were to be naade by the vendor (EMR) 
prior to delivery, ’ A limited number of optical perforrhance tests were per- 
formed- at SBRC after receipt of the IMP units to verify results of vendor 
tests, .Tests were made on a representative sample after a 1 -hour run-in 
and comprised: 1) dc photocurrent from a single intensity, known dc source, 

at one wavelength - 6250A, 2) noise- in- signal at that light level, and 3) con- 
firm output stability by repeating photocurrent measurement periodically 
over several months. 

Limited Measurements of Specification Performa-nce 
Measurements to be Made . - 

•'1. DC Photocurrent, A single measurement of rhe 'ohotocurrent was 
to be made at a known light level hear, but less than 1, 94X 10~9 
watt. This measurement was to confirm paragraph 3. 1, 2, 5 of 

* * 
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. SBRC. Specification 18858 for anode radiant sensitivity. A value of 
. 700 anaps /watt_ at 0. 625 micron was required. 

2. Noise Level. A single measurement of the noise-in- signal was to 
■- be taken, and when combined with the dc photocurrent value, the 

_ requirements of paragraph 3. L,2. 1 of SBRC Specification' 18858 
. -were to be met. A value of S /N ^ 3. 68 X 1 {W/ AB)^ is required. 

3. Stability. Periodic photocurrent measurements were to be made 
over a span of several months'. Paragraph 3. 1-. 2. 3 of SBRC Speci- 
fication ,1885,8 requires -a variation in anode radiant sensitivity of 
less than ±3% after a 1 -hour warmup from any value taken within 
the previous twelve months. 

Test Setup . - An IMP test set was designed and built using a calibrated 
irradiance lamp to irradiate a white, diffuse reflector painted with barium 
sulfate reflectance standard paint. The size and distance of this reflector 
from the IMP was selected so that the light into the IMP was coming from 
anf/4 cone. Thus, the incident radiation more closely simulated in-use 
conditions for the IMP than if it came from a more nearly point source. A 
calibrated interference filter was interposed in the light path, which peaked 
at 0. 6250 micron, and had a bandwidth of approximately 0. 0150 micron.. (See 
Figure 3-73. ) A calibrated pinhole aperture of 0. 040-inch diameter was pro- 
vided to limit the input aperture of the IMP. 



Figure 3-73. Spectral Response of Bandpass Filter in IMP Test Set 




SBRC 


Figure 3-74 shows the optical configuration and the measured parame- 
ters. The value for AAgf£ = 7. 16 nm was arrived at by two means: 1) by 
computer integration of the spectral irradiance times the spectral trans- 
mission, and 2) by measuring the normalized area under the filter spectral 
curve with a polar planimeter. The difference in these two cases was less 
than 1%. The significance of AXgff is that it is the bandwidth of an equivalent 
square pass filter of 100% peak transmission which passes the same total 
power as the one actually used. The value of P = 0. 94 was measured with a 
625-nm filter relative to a pressed-powder sample of Ba 2 S 04 at a 30° angle 
of incidence. The reflectivity of the Ba 2 S 04 pressed-powder reference sam- 
ple is greater than 99%. The test set target reflector was a 1. 750-inch diam- 
eter button coated with a Ba 2 S 04 spray paint. Baffles were used to control • 
stray light and to avoid vignetting or shadowing on either leg of the test set. 
The insides of the IMP test set were painted matte black. 



Ap = 15. 52 cm^ 
0 = 0. Q4 


cos 0 




AX „ = 1. 59 X 10 
elf 


-9 . 


Figure 3-74, Optical Configuration and Calibration of IMP' Test Set 
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• • The measured values used in the basic equation in Figure 3-74 result 
in a value for the power arriving at the phototube prism input as P = 1.59^10“'^ 
watt. The only other factor required to assure accuracy of this test set is to 
ascertain that the proper current is flowing .in the lamp to produce the cali- 
brated irradiance. 

The output of the IMP was close-coupled to a trans impedance preampli- 
fier which was the breadboard preamplifier for flight hardware design. Pre- 
amplifier effective input impedance was 2. 20X 10^ ohms. Effective bandwidth . 

' I 

£o,r noise determinations was 250 kHz (±10%). Preamplifier output charac- 
teristics were 1000 ohms and 0. 001 pf to minimize effect of loading by the . 
measuring instruments. ' .. 

To keep the source in calibration) use of the calibrated lamp was mini- 
mized. This was facilitated by the introduction of a secondary, or keeper, 
lamp internal to the test set. During warmup periods and periods between- 
-measurements, the IMP photocurrent .was maintained at approximately the .. 
same level as durmg actual measurements. 

To assure accurate and -reproducible positioning of the IMP input aper- 
ture -with respect to the test set pinhole aperture, a special mount was made' 
for the IMP unit. Fixed' reference surfaces were used on the mount that cor- 
responded to the three primary reference Surfaces of the IMP unit as called ' 
out qn-SBRC Drawing 44284. These surfaces were initially adjusted to assure 
proper mating of the input/output apertures and then locked in place. Spring 
•tension for each axis was used' to assure proper and repeatable contact of the 
reference .surface.- - 

The PMT test" set was enclosed so stray light would not affect the meas 7 
urement accuracy. An electrical interlock was provided as a protection 
backup to remove power to the IMP unit whenever the PMT compartment 
door was unlatched. 
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Measurement Results . - Initial measurements showed that a 1-hour 
warmup was not adequate to achiev.e •reas'onable' initial stability. The same 
was true when a keeper lamp was used during the warmup. A 4-hour warmup 
regime with keeper lamp was started, but still no point of stability was reached. 
Figure 3-75 shows the output over a period of 3-1/2 days (89 hoursl for lMP. 
s'erial No. 8. During the entire time, the IMP was kept on and exposed tc che 
same light input. Neglecting the first 5 minutes of operation, IMP re.sponse 
dropped 6. 2% in the first hour, 3. 0% in the next 6 hours, 4. 1% in the next'22 
hours, and 4.2% in the next 61 hours. In 89 hours, the IMP output response 
dropped 16.4%, and was continuing to drop further without positive signs of 
leveling off. A similar case was observed with IMP serial No. 4. Over’ a' . . 
period of 1 week (l68 hours) IMP serial No. 4 dropped in output response by 
22%, and as seen in Figure 3-76, it had not yet reached a minimum value. 

The apparent rate of decrease in response was still about 1% per day. 

The engineering model IMP units (Nos. 1 through 8) were tested for a 
minimum of 4 hours each in sequence. The measurements on' the IMPs were 
•repeated ‘3 times in 3 different runs, and runs were repeated a fourth time 
on units- No. 4 and No. 8. These measurements occurred over a one -month 
interval. A summary of these measurements is shown in Figure 3-77. This 
•figure shows that the anode radiant sensitivity among units varies between 
411 amps/watt to 538 amps/watt. Thus the IMPs are between 23% and 41% 
too low. The factor of greater concern, however, is the variation of sensi- 
tivity with time, e. g. , IMP No. 8 dropped 16.4% and IMP No. 4 dropped 22%. ■ 
All tubes indicated a drop in sensitivity with time, greater than the 3% maxi- 
mum called for in the specification, and all' showed evidence of continuing 
decrease. - . • , 

The ratio of the dc signal to the ac (rms) noise -in -signal is to be equal 
to or greater than: 

1 . 

S/N ^ 3. 68'X1o 8 (W/ASy 

for W = 1. 4X 10"9 watt 

AB = 2. 5X 10^ Hz ' • ■ 

S/N ^ 29 required. 
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Figure 3-75, IMP Serial No. 8 Stability Test 


SANTA 


lAlP Output (pa > 



Preamplifier Outpi^t (vult^) 




Time fHouri) 


Figure 3-76, IMP Serial No. 4 Stability Test 
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Table 3-28 summarizes the minimum anode radiant sensitivities and 
the ratio of signal to noise -in -signal for IMPs serial Nos. 1 through 8. Ail 
engineering model IMP units exceeded the specification requirements for 
signal'to noise-in-aignal ratio. 


Table 3-28. Anode Radiant Sensitivity and Signal/Noise-in-Signal^Ratio 


IMP 

Serial-No. 

Minimum 

0 (amps /watt) 

S/NS 

1 • 

482 

32 

2 

503 

30 

3 

437 

36 

4 

411 

34 

5 

591 

35 

6 

541 ■ 

35 

7 

550 

• 35 

8 

491 

35 


Note: Anode radiant sensitivity still 
decreasing at conclusion of 
tests in all cases. 


Redirected Measurements . - 

Scope of the optical testing was redefined to determine whether the IMP 
units were useful for the VISSR program in spite of not meeting requirements 
of sensitivity and stability. 

Anode. Radiant Sensitivity . - It is possible to adjust the high voltage on ■ 
the PMT and thus change the anode radiant sensitivity of the IMP to a proper 
value. However, it -is meaningless to do this until you have reached some ■ 
degree jOf stability at a meaningful radiant power level regime. 

Stability Regime . - It was decided to modify the test setup and procedure 
to simulate more closely actual flight conditions. Primarily, this meant in- 
troducing a duty cycle corresponding to the angular subtense of the earth and 
the satellite spin period. The former' is approximat.ely 20° and the latter is 
600 msec. The power level was to be left the same. since it corresponded to 
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intermediate albedo levels for the system. If the IMP units met the stability 
requirements for this newly defined test, they might be useful for the VISSR 
program, but if they failed this test they would degrade the SMS/VISSR per- 
formance. 

Test Set Modifications . - A 100-rpm synchronous motor with a single 
20° sector chopper wheel was installed in the IMP test set as close to the final 
pinhole aperture as possible. This resulted in .a. trapezoidal input signal which 
was 33 msec long at the half-power points and about 20 msec across the top 
I fla-t portion of the input signal. With this duty cycle and waveform it was no 

longer possible to measure the IMP response with conventional dc instruments 
nor could ac instruments be used. An oscilloscope did not have adequate accu- 

t 

'racy to be useful. A .sampling digital voltmeter (DVM) was obtained to read 
. • the dc signal level during the signal's 20-msec flattop. .A synchronizing 
. trigger was added to sense the phase of the chopper wheel and trigger the 
DVM to read at the proper time. The DVM used was a "successive approxi- 
mation" type which took 1 msec to complete .a reading. With a system band- 
width of 250, 000 Hz, there are enough signal fluctuations in 1 msec that 
several hundred measurements would have to be made and averaged in order 
, to get a single value good to better than ±1/4%, This was done in the early 
measurements. Later, a 1-msec time constant filter was added to the input 
of the DVM to reduce the frequency bandwidth, noise fluctuations, and the 
number of readings required to get reasonable, accuracy. This filter was 
removed and the chopper wheel stopped every time a noise reading was taken. 

■ In practice, ten successive signal readings were found to be adequate 
•• ■' to yield averaged measurements good to ±0. 1% when the input filter was .use.d. 
Case was taken to allow for at least 10 time constants of constant input signal 
amplitude before the DVM was triggered to read the dc signal. When data 
recording equipment was available, the readings were recorded automatically 
on punched tape for later computer averaging. Thermocouples, were addec to 
record the temperature of the IMP units during the test. No attempt was made 

I ' 

to stabilize the IMP temperature except to isolate the test set from unreasonable 
'heat sources and to allow thermal coupling to the ambient room environment. 
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Results of Flight Profile Measurements . - The stability of the anode 
, radiant sensitivity is shown in Figure 3-78 for IMP No. 13. Measuremenrs 
were repeated for IMP No. 8 and No. 4 and the results are plotted in Figures 
3-75 and' 3-78, respectively. These curves all indicate that a stabilized value 
,is reached, with the signal within ±3% (approximate) of the stabilized value 
.after 1 hour operation. 
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Figure 3-78. . IMP Serial No. 13 Stability Tests 
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Figure 3-79 shows the response for IMP No. 9 whicn is a notable ex- 
ception to the previous units. This unit took 16 hours before it was within 
±3% of the stabilized value. 

Figure 3-80 shows a summary of measured curves for the first eight - 
IMP units (engineering units'). Note that all units reached a stabilized value, ' 
and IMP units Nos. 4, 5, 6, 7, and 8 were within ±3% of that value in approx- 
imately! hour. IMP units Nos-. 1, 2, and 3/ however, required a longer 
time to stabilize than the 1-hour requirement as defined in the specification. 

Figure 3-81 shows the results of those units which have been measured. 
Note that most units reached a stabilized value. The curves with questionable 
dips were checked for temperature changes during test, and for som.e, the 
dips are found by temperature correlation to be a nearly normal response of 
the'upit to temperature changes. -Notable exceptions to this: IMP units Nos. 

33, 15, and 17 do not seem to reach a reliable stabilized value. 

Among the IMP units which stabilized, the following do so to within. 

±3% in approximately 1 hour: Nos. 10, 11, 12, 13, 14, 16, 18, 19,. 20, 24, 

27, 28, 29, and 32. Those which do not reach to within ±3% of a stabilized 
value within 1 hour are IMP units: Nos. 9, 15, 17, 22, 23, 25, 26, and 33. 
Note that IMP unit No. 13 was measured on two separate occasions, and that 
the stabilized values differ by 4%, .both at 75“F. 

The stabilized values for the anode radiant sensitivity, as best as may 
be estimated between 75° to 77° F, are annotated on Figure 3-81 for each unit. 
Note that the stabilized sensitivity values vary from 634 to 4-39 amps/watt, 
values that are 9% to 38% too low. 

The signal to noise-in- signal ratio was measured for all IMP units 
tested, and all meet or exceed the'S/N = 29 value derived from the specifi- 
cation. Table 3-29 lists the S/N, sensitivity, and stabilization determina- 
tions for all units tested. 
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Figure 3-80. IMP Output vs Time - Engineering Model Units 
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Table 3-29. Summary for Flight Profile Testing of 
. SMS/VISSR IMP Units 


■ IMP 
Serial No. 

0 Intermittent 

S/N During 
Initial Measurements 
(Spec =29) 

Stabilize 
in 1 Hour 

1 

512. 

32 ■ 

No 

2 

503 

• 30 

No 

3 

471 

36 

No 

4 

443 

34 

Yes 

5 ■ 

528 

■ 36 

Yes 

6 

535 

34 

Yes ■ 

7 

572 

. 35 

Yes 

8 • 

548 

36 

Yes 

• 9 

516 

• 32 

No 

10 • 

513 •• 

32 

Yes 

ii 

430 

31 

Yes 

■ 12 . . 

570 

35 

• Yes-- 

13 ■ • 

539 

37 

Yes- 

14 

560 

36 

Yes 

15* - 

556 

37 

No 

16 

494 

35 

Yes 

17* 

■ 535 ■ 

.35 

No 

18 ■ 

633 

36 

Yes' 

- 19 

586 

37 ' 

Yes : 

20 

21 

596 

38 

Yes ' 


Not Measured 


22 

566 

37 ' ' 

No ■ 

23 

596 

38 ■ 

. No 

24 

514 

37 

Yes 

25 

581 

39 

No 

26 

603 

35 

No 

27 ■ 

634 

41 - 

Yes 

28 

517 

30 

Yes 

29 

30 

521 

• ' 34 . • . 

Yes 

iNOu measurea 

31 


INOU ivieasurea 


32 

601 

■35 . 

Yes 

33* 

627 . • 

K 38 ■ • 

No 

34 thru 38 




iNou iviticisurea 

^ ^ 1 • ■ 


*Unit did not stabilise. 
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Stabilization Effects of Solar Scanning . - The effect on the stability of 
sensitivity due to scanning through, the sun has been tested previously by the 
vendor. Single flashes, of a comparable power to the sun, indicated no seri- 
ous degradation of sensitivity. With the failure of the IMP units to meet the 
steady- state stability specification on a long-term basis, it was deemed im- 
portant to assess the significance of long-term solar flashing. A modification 
to the IMP test set was made so that a helium-neon .laser would shine through , 
the system into the IMP input in addition to the normal operation. A timed 
shutter for the laser was provided so that the laser would deliver a i- to 2- 
msec burst once each 600 msec ~ synchronized with the chopper wheel. An 
optical filter was provided to reduce the laser intensity to lO""^ watt (effective) 
.into the IMP. The true solar pulse is expected to be 10""^ watt (effective) and 
of 1-msec duration. 

A test regime was established where the las er would flash once every 
600 msec for a period of 30 seconds, then resume normal operation for 19-1/2 
minutes. Near the end of each 600-msec scan, the partially recovered normal 
'albedo signal level is measured and plotted. This cycle approximates the 
scanning when the 1/2° wide sun is scanned in a 20° field of view, requiring 
20 minutes. Thus the sun is scanned for 1 /2° X 1/20° X 20 min = 1/2 min = 

30 seconds. 

Short duration tests were made on IMP units Nos. 4 and 8, with nominal 
results. • A .30-hour continuous, round-the-clock, test was set up for IMP unit 
^No. 15. It required continuous and rigorous attention as the laser had to be 
calibrated, activated and timed each 20 minutes, in addition to taking response 
readings of the IMP units. The IMP was prestabilized for 63 hours in a nor- 
mal flight profile regime. A minimum of 20 hours of stabilized operation was 
desired. Figure 3-82 shows the data from this- test. A stabilized sequence 
of values was reached after. 5 hours. The values p^.ptted are the apparent 

‘ ’ f- 

earth albedo measurement, using the calibrated lamp and the IMP rest ‘set -at 
various times during the 20-minute test cycle.- At l.O hours, the electrical 
power in the plant went off, and was off for 65 p^ipqtes before resuming .the 
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test. Note in Figure 3-82 that during the 65-minute off period the IMP com-' , ’ 
pletely recovered., In anbfher 5 hours of operation it again reached a' stabilized 
sequence of values. ' 

At 18. 5 hours, the laser was inadvertently left on for an indefinite 
time “ probably 2 to 10 seconds. The laser pulse to the IMP unit would then ' 
be on for 33 msec every 600 msec. The accumulative time would have been ' ‘ 
•about 99 to 550 msec at 10“'^ watt. Note the substantial but finite degradation 
of IMP response due to the excessive laser pulsing by -16%. However, the 
test continued normally immediately after the extra long laser burst, and 
previously stabilized sequence values were reached again in 6 hours. At the 
28. 66-hour point, the solar flashing was discontinued and normal flight pro- 
.file operation continued for 1. 66 hours ~ with surprisingly little recovery. 

To summarize the results of the solar flashing test, it can be said that 
1) there is a 2% drop in the recovery maximum value while solar flashing 
cycle continues, 2) stabilization decreasing or increasing takes place in'about 
5 or 6 hours, 3) during the time it takes to make one complete field-of-view 
picture (20 minutes), the sensitivity drops 2. 75 to 3% after each solar flash- 
ing period — and then recovers nearly completely by the time another solar 
image is started again, and 4) there appears to be no significant permanent 
damage to the IMP due to solar flashing. (Steady sun on the. IMP would re- 
quire the satellite to stop spinning. ) 
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Hemispherical Scattering Analysis ’' ' 

The rationale behind the data reduction for the SBRC scatter goniometer 
equipment is given below. The geometry is shown- schematically in Figure 
3-83. Only a small portion of the ring formed by dS is sampled. 



Assuming scattering surface is an ideal diffuser. with a reflectance of 

* * . • O 

unity and is irradiated normally with a level of H (watts /cm'^ ), the reflected 
radiance is /. • 


H T 

N = — (watts/cm'^ sr) 

IT 


(3-52) 


The power, P, reflected (scattered) .from area A into solid angle with 

d9 width is . ‘ ' 

H 2uR sine R d8 . 

dP = — (A cos 0) ^ (3-53). 


IT 


R‘ 


dP = HA 2 sin 0 cos 0 d0 


By integration with limits describing- hemisphere 

P TT /2 ’ 

JdP = HAj 2sin0 COS.0 d0 (3-54) 

O O . ■ • • 

, iTr/Z 

P = HA sin^ 0 = HA • • . (3-55) 
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Of course, this is the expected result since HA is tne power incident or. 
the surface with area 'A. " 

In the experimental measurements, the scattering of a mirror surface 
is referenced to the scattering of BaS 04 surface. The BaS 04 surface is 
assumed to be an -ideal diffuser with a reflectance of unity. 

The mirror hemispherical scattering, HS, is defined as 

HS = r 

^BaS 04 ^®^^ 

ir/2 

where = HA J 2 sin 6 cos 6 d0 

o . 

tt/2 

Pj^(sc) = HA J 2 pQ'sih 6 'co.s 0 d 6 
o 

Using equations 4-5, 4-6, and 4-7 

IT /2 

J 2pg sin0 cos© d6 

HS=-2~7- (3-5 9) 

tt/2- 

J 2 sin 6 cos 0 d© . 
o 

tt/2 

HS = J 2 p 0 sin 6 cos 6 d© .(3-60) 

o . ' 


(3-61) 


(3-62 
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To facilitate numerical integration of scattering data, we write 
Imax . ^max ' . ' ■ . 

L APi‘=HA S Asin^Op i = 1, 2, 3. . . 


viz. , a set of angles where 

A sin^ ©i = sin“ ©^ - sin^ ®i- 1 “ ^ — 

^max 

Assume 1 q = 1, i^ax ~ which give's AP = 0. 05, 


3-5t 

(3-57) 


(3-58) 
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These conditions result in 


6i 

(degrees) 


®i + 1 ' 


= e, 


- 2 . ay 

. (degrees) 


1 

12,9 

6 . 45 

2 

18. '45 ■ 

15 . 68 

3 

22 . 8 

20 , 63 

4 

26.4 

24 . 60 

5 

; 30 • - ’ 

28.2 

■6 ■ 

33 , 2 

31, 6 

7 

' 36 . 3 

■ 34 . 8 

8 

39 . 3 

37 . 8 

9 ' 

42 . 1 

40 . 7 

10 

45 . 0 

43 . 6 

11 

48 . 0 

46 . 5 

12 . 

50 . 8 

49.4 

13 ; 

. 53 . 8 

52 . 3 

14 

■ 56.9 

55 . 4 

15 

60 . 0 

58 . 4 

16 

■ 63 . 6 . • 

' 61.8 

17 

• 67 . 3 

65 . 5 ■ 

18 

71 . 8 

69 . 6 

19 

77 . 1 

74.4 

20 

90 . 0 

83 . 6 


■A set of scattering data consists of signals at each of the angles, 6i av« 
for the BaS 04 and mirror surface. The hemispherical ‘scatter, HS, is calcu 
lated by 



^max 


^max 

■ .R 


ay) 

^BaSO4(0i av)‘ 


( 3 - 63 ) . 


The above analysis assumes rotational symmetry for scattering about 
the surface normal. This condition has not been met by many of the mirror-, ■ 
surfaces measured to date. For these cases we have assumed a linear inter- 
polation, such that the average of two orthogonal sets of Sj^(0i ay) is used in 
equation 3-63 to -obtain hemispherical scatter. 
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As indicated above, tije BaS 04 surface has been assumed to be an ideal 

• ' ‘ * I ' * 

jdiffu-ser (Lambertian) with a reflectance of unity. The Lambertian, or cosine . 
distribution property is checked in the following manner. If the surface is. 
Lambertian, we have 


max 


miax 1 , 




*^max 


= 1.0 


^max 


cos 0i av 


Actually, the ratio is 


0. 612 
0. 664 


0. 923 


Thus, for hemispherical scatter reference, the BaS 04 is within 8% of 
being Lambertian. Grum6 reports -the reflectance for BaS 04 powder is 
s 0. 99 for the 0. 55- to 0, 80-fj.m spectral range. Thus, BaS 04 powder sur- 
face closely approaches an ideal diffuser (Lambertian) with unity reflectance. 

Scattering Measurements 

Numerous scattering measurements have been made on VISSR optiqal . 
c.ompoments. 'The results of these measurements are summarized in 
•Table 3-30. 

SBRC and Perkin-Elmer scattering measurements do not correlate too 
well. The scatter data correlation is generally within 'a factor of two. 

Significant efforts have been made to determine the cause of the incon- 
sistencies. The initial effective, spectral region used by SBRC was 0. 45 to 
0. 73 p. An additional Corning sharp-cut filter was added to change the 
spectral region to 0. 55 to 0. 73 p. The PMT detector used determines the 
long-wavelength cutoff -edge. This change in spectral band results in a change 
of scattering value of the order of 10%. 


^F. Crum and C. Luckey, Appi. Opt. 1, 2289 (1968) 
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Table 3-30. Summary of Scattering Measurements - VISSR Optics 


Scan 

Primary 

Secondary 

Company 

Coating 

Scatter 

Meas 

Date 

(1971) 


HS (%) 
Avg 

Scatter 

Max 

Scatter 

Min 

la 

WM 



None 

1. 88 

3. 5 • 

WBM 

7/6 






None 

4. 1 

8. 0 

IBI 

7H-7I3 


■i 

■■ 

004 


None 

0. 59 

1. 84 

iBl 

7/3 

. 

004 


• 

TLiI 

None 

1. 31 

Id 

wm 

6/25-6/26’ 



002 


TLI 

None 

2:1. 19 

HH 

KM 

6/26 




ooz 

TLI 

None 

0. 60 

Hi 

HH 

5/17 


004 



TLI 

None 

m 

2. 7 

m 

7/17-7/19 



002 


TLI 

None 

MM 

5. 5 

wM 

7/16 


m 

002 


■ TLI 

None 

1. 73 

3. 5 

0.23 

■7/31-8/2 




• 002 

TLI 

None 

0. 51 



. 8/2- • 


- 

002 ' 


TLI 

None 

0. 77 

1. 40 

0.'30 

8/6 

e ' . 

003 

WM 


PE 

None 


0. 68 

0. 63 

6/25 

PE 




PE 

“None 


0 55 

0. 53 

■'6/2'5 

Measurements .■ 

IHI 


005 

PE 

None 


0. 73 

0. 53 

■ 6/25 


m 

005 


PE 

Al-SiO 

n 

2. 5 

t. 0 

7/29 

Cursory 



005 

■ PE 

Al-SiO 

IH 

2. 8 

1 26 

7/28 

Measurements 






■H 




Not Detailed ■ 

005 



PE 

None 

0. 56 



9/1 



003 


PE 

None 

0. 49 



<1'/1 




003 

PE 

None 

1. 1 



8/12 


005 



PE 

None 

0 44 

0. 59 


8/13-8/17 



003 


PE 

None 

0, 85 

. 1 52 

WSSM 

8/12 




003 

PE 

None 

0. 73 ■ 

0. 82 

0. 66 

■ 8/12. 



The Perkin-Elmer scattering measurement method uses an integrating- 
sphere, and the -VISSR mirrors are measured relative to an aluminized glas-s 
reference mirror. The reference mirror scattering was measured by 
H. Bennett of the Navy Ordnance Test Station, China Lake, California. 

Figure 3-84 compares SBRC and H. Bennett narrow-band spectral scattering. 

• Figure 3-84 sho-ws’ that the scattering function for the glass reference 
mirror decreases with increasing wavelength. The Bennett data are fitted 
closely by a straight line. The SBRC scattering data tend to be less depend- 
ent on wavelength for longer wavelengths. 
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Figure 3-84. Hemispherical Scatter, Perkin- Elmer Reference Mirror No. 3 
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The hemispherical spectral scattering function for one of the VISSR 
Ni-Be test specimens was measured and plotted in Figure 3-85. The shapes 
of the two spectral scattering functions, represented in Figures 3-84 and 
3-85, are within 10% of each other. The "shape" is determined by taking 

t 

ratios of the two curves. 



‘Figure 3-85. Hemispherical Scatter 


Reflectance (Scattering) - Scan Mirror Serial No. 005 

A diffuse reflectance (scattering) curve is given in Figure 3-86 for scan 
mirror serial No. 005 (Tinsley). The curve has been normalized to the BaS 04 
diffuse reflectance standard. The BaS 04 surface is assumed to be an ideal 
diffuser with reflectance of units and Lambertian scatter. i . 

Reflectance (Scattering) - Anodized Beryllium ‘ . . , • ' 

A sample of VISSR anodized beryllium was measured for hemispherical . 
scatter. Its hemispherical scatter was 3.3%. Its reflectance (scattering) 
properties as a function of angle are illustrated in Figures 3-87 and 3-88. 

The incident radiant energy was normal to the anodized beryllium sample. 
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Reflectance (Scattering) - Radiation Cooler Honeycomb 

Measurements were made of diffuse reflectance (scattering) for the 
radiation cooler honeycomb radiator on the- protoflight model. Results for 
o'* -incidence angle are shown in Figure 3-89 for both dull and gloss black 
finishes. The finish selected for use on the protoflight model is dull black 
(Cat- A- Lac ). 
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Reflectance (Scattering) - Cat- A -Lac Black Paint 


The diffuse reflectance (Scatter ing)'for a flat sample surface painted 
with Cat-A-Lac black paint was measured for normally incident light at 
scattering angles from 6° to 75°. Reflectance as a function of angle is 
illustrated in Figure 3-90. 


Black Paint 
(Cat" A - Lac} 
Scattering Curve- 
0° Incidence Angle 


Angle (degrees) 

Figure 3-90. Cat-A-Lac Black Paint Reflectance (Scattering) 
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ENGINEERING MODEL OPTICAL SYSTEM MEASUREMENTS 

. .. , -i 

Image Quality - Class II 

The VISSR optical system was measured in Class II configuration. The 
optical system was assembled in a laboratory setup. The optical specification 
required that the optical vendor measure the system performance using' two 
different optical testing methods. The optical vendor. Per kin -Elmer, chose.' 

1) interferometric measurement of wavefront, and Z) image bluf - radiometric 
(encircled energy distribution). 

The interferometric technique used a scatter plate interferometer oper- 
ating at 0. 6328 micron. The "VISSR/SMS optical system is auto collimated, 
with an optical test flat. The scatter plate is located at the focus of the "VISSR ’ 
optical system. ■ ' , . 

Figures 3-91 and3-92 illustrate typical interferograms on-axis and 1. 6 
mr off-a-xis, respectively. 

Since the test uses a double pass system, each fringe in the interfero- 
I gram represents aX/4 surface or A./2 wavefront deformation. If the fringes 
are, all straight 'and parallel, the system. is perfect; any deviation from straight- 
ness or parallelism represents a system optical error. 

The Class II wavefront deformation specification requires the assembled ’• 
optical system to have a wavefront deforrnation less thanX/2 for all field angles- 
' of.l. 6 mr or less where X = 0. 6 micron. 

-Figures 3-91 and 3-92 indicate that the Class II measured maximum 
wavefront deformation is of the order ofX/2. 

Radiometric Tests - Class II 

The radiometric tests were performed on the “VISSR/SMS optical sys- 
tem with the optical axis horizontal. The scan mirror was at 45° to the opti- 
cal axis. Energy from an auxiliary collimator filled the VISSR entrance 
aperture. Final alignment to the- VISSR optics was performed in this config- 
uration using a microscope to examine the image on-axis. 
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Figure 3-91. Int erf ero grams, On-Axis, 
Class'll Test. Configuration 



Figure 3 - 92 . Interferograms, 1,6 unr, Off-Axis, 
Class II Test Configuration 
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■ • The collimator source was a quartz arc lamp with a spectral output 
peaked at 0. 58 micron. The source pinhole was 0. 0004 inch (after a 10:1 
reduction by a relay lens). The focal length of the collimator is Z18 inches. 
Thus, the effective source diameter referred to the VISSR focal surface was 
0. 0002 inch. . 

A photometer was placed at the focus of the VISSR optical s/stem. The 
photometer assembly consists of a relay lens (lOX microscope oojective'. 
aperture field, quartz field lens, filter holder, and Model 2020 (Gamma 
Scientific) photometer with S-20 photomultiplier. The photometer assembly 
is mounted on a three-axis adjustable stage. A flip mirror is provided fcr 
use in visual examination of the images with an eyepiece. The aperture wheel 
contains twelve precision round apertures of specific sizes. 

The microscope objective relays the image formed by the VISSR optical 
system onto the aperture wheel plane. The desired aperture is selected and . 
positioned on the axis of the microscope manually. The quartz field lens ‘ 
images the relay lens (microscope objective) onto the S-20 'PMT photocathode 
at about unity magnification. ' ' . ■ 

Figure 3-93 illustrates several functions of fractional encircled' energy 
versus angular diameter of circle (pinhole). Curve A is the VISSR optical 
system Class II specification requirements. Curve B is the Class II meas- 
urements. Curve C is the test equipment calibration function. The portion 
of the test equipment tested is the source optics and detector optics. Curve D 
is the Class II measurements correcteid for effects of the test equipment. 

The data reduction used root sum sqviare (rss) subtraction. For example 

®CORR "" ■ ®CAL^ 

where ®cORR ~ corrected Class II angular diameter of encircled energy 
“ Class II angular diameter of encircled energy 

•®CAL “ calibration of test equipment angular diameter of encircled 
energy 
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Image Diameter (jirad) 


Figure 3-93. Fractional Encircled Energy as a Function of Blur 
Diameter, Class II Test Configuration 

* . 

The corrected Class II measurements (Curve D) did not meet the VISSR 
image quality specification (Curve A). However, based on schedule consider- 
ation's and the fact that the mirrors would be used in the engineering model of 

I 

VISSR, the decision was made to accept the mirrors. 

Assembly - Class I Measurements 

Preliminary optical measurements of the VISSR optical system were 
made in Class I configuration. Class I configuration has VISSR mirrors 
mounted and aligned in VISSR beryllium hardware. 

7 

During the assembly phase, the scan mirror was measured after assem-> 
bly in a Ritchey test configuration. An interferometer was placed at the center 
of curvature of a well figured sphere (R = 300 inches). ' Thp scan 'mirror was 
situated -such that it folded-.the‘ beam as shown in Figui*e '3- 94. 

The criterion for the scan mirror assembly was to obtain an interfero- 
gram equivalent to the ones obtained with scan mirror supported in a laboratory;’ 
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setup; i. e, , minimum restraints. .The interferogram indicated a scan mir- 
ror surface deviation from flatness of 

Interferograms were taken of the primary mirror supported loosely in . 
VISSR hardware and with it in turn supported firmly. No 'appreciable wave- 
front deformations were observed. 

The same basic image quality measurements were made in Class I 
configuration as done in Class II configuration. The principal difference 
involved was that the SBRC collimator (f/6, EFL = 108. 2 inches) was used 
rather than the Perkin-Elmer 2 18 -inch focal length collimator. 

Figures 3-95 and 3- 96, illustrate 'typical 'interferograms on-axis and • 

1. 6 mr off-axis, respectively, for Class I configuration. 

The Class I wavefront deformation specification requires the assembled 
optical system to have a wavefront deformation less than 3X/4 for all field 
angles of 1. 6 mr or less where X = 0. 6 micron. 

Figures 3-95 and 3-96 indicate that'the Class I measured maximum 
wavefront -deformation is of the order of X/2. 

Figure 3-97 gives equivalent curves for Class -I measurements as Fig- 
ure 3-93 did for Class II measurements. Curve A is the' "VISSR optical svstem 
Class I specification requirements. Curve. B is the Class I measurements. 
Curve C is the test equipment calibx'ation function. Curve D is the Class I 
measurements corrected for effects of the test equipment. 
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Figure 3-95. Inter ferograms, On-Axis, 
Class I Test Configuration 



Figure 3-96.. Interferograms, 1. 6 mr, Of£-Axis, 
Class I Test Configuration 
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■Figure 3-97. Fractional Encircled Energy as a Function of Blur 
Diameter, Class I Test Configuration 


The corrected Class I measurements (Curve D) meet the VISSR image 
quality requirements (Curve A) for fractional encircled energy levels less 
than, about 0. 75. For values greater than 0. 75, the Class I configuration 
“deviates significantly from the specification. 

In an effort to determine the possible cause of the Class I image meas- 
urement results,, a function (©CON^ was generated that converts corrected 
Class II into corrected Class I measurements. This function is given by 

^CON = {[T6(30RR{Class I)]^ ± [6c‘ORR(Class 11)]^}. . 

Figure 3-98 illustrates the function Negative values of QqOX 

indicate for those levels of fractional encircled energy that the Class I con- .. 
figuration image was smaller than Class II. The second'curve labeled, 

is the function required to convert the specification Class II 
values to Class I values. 
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Figure 3-98. Function ScqN Which Converts Class II Fractional 
Encircled Energy to Class I Fractional Encircled 
Energy Data 


It appears that the alignment of the optical system was more optimum 
for the Class I configuration as compared to the Class II configuration. This 
could result in the improved "hard central core. " During the VISSR design 
phase, itiwas assumed that mounting the optical system in VISSR beryllium 
hardware would result in some image degradation. However, a reasonable 
theory has not been found which would attribute the Class I image low level 
skirts to the VISSR mountings and yet permit the major portion of the energy 
to be contained in a small image. , 

It does appear possible that the measured low level skirts could be 
associated with scattering effects." The scattering effects might be asso- 
ciated with the test equipment. 
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General ’ ' • ‘ 

Engineering Model optical alignment and’tests have been completed • 
during this reporting period. The following listed activities are discussed 
in detail. 

1. Initial Channel Alignment of the VISSR per SBRC Procedure 
19145. 

E. Field-of- View Measurements, VISSR/SMS, per SBRC Proce- 
dure 19181. 

.3. Relative Spectral Response,. 'VISSR/SMS, per SBRC Procedure 
19147. • . 

4. Primary Laboratory Modulation Transfer Function Measure- 
ments, VISSR/SMS, per SBRC Procedure 19146. 

5. Reference Mirror Alignment Measurements per SBRC Proce- 
dure 19148! 

Alignment and optical system measurements served the following pur- 
poses; 

1. Permitted validation of test procedures prior to release so that 
corrected versions of these procedures will be available for 
testing the Prototype Model. 

Z, Disclosed VISSR optical problem areas and determined satis- 
factory solutions. . • ' 

c 

3. Defined VISSR optical parameters sufficiently accurate to un- • 
cover possible problem areas associated with subsequent en- . 
vironmental testing. 

4. Provided data so that Engineering Model functioning can be 
compared to VISSR design parameters. 

The stability of. the 18-inch diameter SBRC collimator was not adequate 
to measure certain VISSR alignment parameters within the specified quantities 
Measurements were made with the unmodified SBRC collimator because of 
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schedule constraints. Subsequently, the collimator base was modified to im- 
prove the measurement capability. , - 

Relative spectral response data for the visible channels were correlated 
with the PMT relative spectral response data and disclosed that electronic 
channels were labeled differently from the optical components on the Engi- 

I 

neering Model. Differences are tabulated as follows: 

Electronic Channel No. 87654321 
Optical Channel No. 12345678 

All Engineering Model data contained in this section use the electronic 
channel identification number. 

Initial Channel Alignment of the VISSR 

During the channel alignment it was noted that the therrhal detectors' 
array was rotated by 90°. Figure 3-99 indicates the correct thermal-to- 
visible channels alignment. Figure 3- 100 illustrates the Engineering Model 
configuration. 


Thermal Channels 



Figure 3-99. Proper Orientation of the Visible and Thermal IGFOVs 





0. 148 mr 



0. 074 mr 

Figure 3-100. Orientation of the VISSR Engineering Model 
Visible and Thermal IGFOVs 
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The mechanism used to position the radiation cooler (including thermal 
detector) to the- visible channel functioned adequately. However, it was a 
delicate, time consuming operation to tighten the radiation cooler without 
losing optical alignment in the process. The techniques used were adequate, 
but because of schedule considerations the thermal channel was not aligned _ . 
to the values specified in SBRC Procedure 19145. Figure 5-100 illustrates the 
alignment achieved. 

The two end illuminated fibers (0 and 9) were used as the visible chan- 
nel alignment reference rather than Channels 4 and 5 as indicated in SBRC 
Procedure 19145. This change was appropriate becaus e of effects associated 
with the SBRC collimator instability. It is expected that the alignment accom- 
plished after modifications to the SBRC^ cpllimator have, been completed will 
-be made in accordance with the .SBRC Procedure. 

After optical alignment of the thermal detectors, the radiation cooler 
was removed and epoxied in accordance with the requirements of SBRC draw- 
ing 44345. After reassembly a check of optical alignment was made. It was 
found to be the same within 20 prad. The SBRC collimator instability resulted 
in data spread of the same order, 

Field-of-View (FOV) Measurements 

The VISSR Engineering Model FOV measurements were made in accord- 
ance with SBRC Procedure 19181 with the following exceptions. 

A simpler technique (relative to paragraph 3. 3.3, SBRC Procedure • - 

19181) of aligning the alignment microscope to the SBRC 'collimator was used. 
SBRC collimator basic instab’ility precluded exhaustive studie's of other poten- 
tial instability (paragraph- 3, 5. 8). Indicated procedures for other instability 
parameters will be used during prototype measurements. The SBRC colli- ‘ . 
mator will be modified and will have a significantly more stable platform. 

'At' the time the Engineering Model FOV 'measurements were made, the VISSR 
noise level was higher than expected and this limited the FOV "skirt" meas- 
urements. Figure 3-101 is a'simplified block diagram of the FOV measure- 
ment' equipment setup. 
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Figure 3-101. FOV Measurement Equiprnenr Setup, 
Simplified Block Diagram 


Graphic and tabular data for Engineering Model FOV tests are contained 
in Part 1, Appendix B. Tables 3-31 and 3-32 summarize data pertinent to the 
FOV measurements. Parameters listed are: peak. Signal^ noise, IFOV half- 
width, channel center and channel separation. Channel center and charuiel 
separation are referred to the center of IFOV array. The center of the IFOV 
array is defined on the system optical axis. It is centered between Channels 
4 and 5 in the north- south direction and is midway between the east and west 
half-power points for Channels 4-and 5, ..i "* • , 

The major discrepancy found in the Engineering- Model optical system 
tests is the apparent effective size of image. It is significantly larger than 
the Class I measurements indicate. This subject is discussed further in the 
•section on modulation transfer function measurements. . 
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Table 3-31. FOV Data, North-South Scan 


Channel 

• Peak 
Signal 
(mv) 

Noise 

(mv) 

Half -Width 
(|JL rad) 

Channel 

Center 

(|j.rad) 

Channel Separation 
(Adjacent Channels) 
(ijirad) 

1 

270 

0. 40 

24. 0 

94. 7 

26.8 

2 

306 

0. 46 

24. 4 

67, 9 

26, 9 

3 

345 

0. 61 

22. 7 

41 , 0 

■■ 27. 6 

4 

297 

0. 32 

2 6. 8 

13. 4 

26. 8 

5 

358 

0. 44 

24. 0 

13. 4 


6 

-- 

-- 

-- 

-- 

-- 

7 

404 

0. 34 

23. 0 

66, 5 

. 25. 9 

8 

248 

0. 37 

24.. 9 

92.4 • 



’Table 3-32. FOV Data, East-West Scan 


Channel 

Peak 

Signal 

(mv) 

Noise 

(mvl 

Half- Width 
(fj.rad) 

Channel 

Center 

(|jLrad) 

Channel Separation 
(Adjacent Channels) 
(iJLrad) 

1 

217 

.0, 30 

24. 0 

+ 1. 85 

0. 00 

■ - 2 . ■ 

248 

0. 3,6 

26 . 8 

+1.85 


3 

276 

0. 69 

24. 9 

+0. 93 

0. 93 

4 

269 

0. 42 

24, 9 

0. 00 

0. 93 

5 

293 

0. 40 

24. 0 

0. 00 • 

0 

0 

0 ' 

6 • 


-- 

■ -- 


-- 

7 

325 

0. 44 

24. 9 

-1;85 ’ 


8 

302 

0. 31 

24. 0 

-1. 85 

0. 00 
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Relative Spectral Response 

Relative spectral response (RSR) measurements were made for the 
VISSR/SMS Engineering Model scanner. A Perkin-Elmer Model 1 6U spectro- 
photometer (filter-grating monochromator) was used in conjunction with the 
.SBRC collimator for these tests. Channel outputs were monitored on the 
VISSR console. Data were recorded on paper tape in a form appropriate £:»r 
subsequent computer reduction. Figure 3-102 is a simplified block diagram' 
of the RSR equipment setup. 



Figure 3-102, RSR Measurement Equipment 'Setup, 
Simplified Block Diagram 


Thermal Channels . - Thermal channel measurements were made using • 
a globar radiant energy source for the spectrophotometer. A 101 T/mm 
grating was used along with appropriate LWP filters. The following param- . 
eters are associated with the spectrophotometer for the thermal channel 
measurements: 


1.’ 

Slit width 

4 mm 

2. 

Spectral slit width 

0. 12p 

3. 

Globar source operating 

1200®k 

4. 

Chopping frequency 

100 Hz with an electrical bandpass of 20 Hz 
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The relative spectral response was calculated using the following 
expression; 


R{X) 


S(X) -p(X} 
VISSR 16U 


R{X) 


p(X) p(X) S(X) 

CoU Relay TC 

where R(X) = Relative spectral response of VISSR thermal channel ^ 
VISSR 

R(X) = Relative spectral response of PEl6u radiation thermo - 
TC couple 

S(X) = VISSR signal as a function of wavelength 
VISSR 

S'(X) = Thermocouple signal as a function of wavelength 

TC . • • ■ 

p(X) = SBRC collimator (two mirrors) spectral reflectance 
Coll 

p(X) .= Relay optical system (two mirrors) spectral reflectance 
Relay ‘ • 

p(X) = PE l6U thermocouple optics (two mirrors) spectral re- 
PE16U flectance 

NOTE: R(X) , is essentially constant over the 8 ^X ^ 14 pm region. 

TC 

. p(X) spectral reflectance for spectrophotometer internal mirrors 

PEl6U is flat oyer 8 ^ X s 14 ^^.rn region. 

p(X) , p(X) employ A-t with an overcoat of SiO. Spectral reflect- 
Goll Relay ahce is- assumed flat over 8 ^ X ^14 pm region. 

Results of the rheasurements for the two thermal channels are given in Fig- 
ures 3-103 and 3-104. 

Visible Channels . - Visible channel measurements were made using a 
tungsten filament source for 'the spectrophotometer. • A 1440 -t/xnm grating 
was used along with appropriate LWP filters. • The following parameters are 
associated with the spectrophotometer for the visible channel measurements: 
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Figure 3-1 03. Thermal Channel 1 Relative Spectral Response 



Figure 3-104. Thermal Channel 2 Relative Spectral Response 
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1. 

Slit width 

2 mm 

2. 

Strip filament lamp 
operating at 

~2700°K 

3. 

Grating 

1440 -Cz/mm 

4. 

Chopper frequency 

100 Hz with electrical bandpass of 
20 Hz 

5. 

Spectral slit width 

0, 004 p . 


.The- relative spectral response was calculated using the following 


expression: 


R{X) 

VIS SR 


S(X) 
VISSR 
p(X)- :s(X) 
Coll Si PD 


R(X) 

Si PD 


, where R(X) = Relative spectral response 6£ VISSR 
VISSR 

R-(X) = Relative spectral response of silicon photodiode standard 

Si'PD detector 

S(X)' = VISSR signal as a function of wavelength 

VISSR- 

S(X) = Silicon photodiode signal as a function of wavelength 

. SiPD 

p(X) = SBRC collimator {two mirrors) spectral reflectance 

. Coll ■ ■ 


Graphic and tabular data for Engineering. Model RSR tests are contained 
in Part 2, Appendix B. 

Modulation Transfer Function Measurements 

The modulation transfer function (MTF) was measured for both visible 
and thermal channels under ambient laboratory conditions. VISSR MTF was 
measured in two orthogonal directions corresponding to the east-west and 
north-south directions. Equipment and procedures used in these measure- 
ments are those defined in SBRC Procedure 19.146. Figure 3-105 is a sim- 
plified block diagram of the MTF test setup. 
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Figure 3-105. MTF Measurement Equipment Setup, 
* Simplified Block Diagram 


The. principal deviation from the procedure is with respect to data for- 
mat. .Oscilloscope traces of the MTF pattern were made rather than digital 
recording on tape with subsequent computer reduction. Oscilloscope traces 
will be used on following measurements. 

Figures 3-106 and 3-107 illustrate modulation versus spatial frequency 
for the visible and thermal channels, respectively. The curves contained in 
these two figures are computed square-wave modulation with no modification 
due to electronics. Three computed curves are given for visible channel 
MTF. See Figure 3-106. These curves are Class I specification +21 pr 
IGFOV, Class I specification +25 pr IGFOV, and 25-pr diameter blur assum- 
ing cosine intens.ity distribution +25 pr IGFOV. Two computed curves are 
given for thermal channel MTF. See Figure 3-107. These curves are dif- 
fraction +200 pr IGFOV and diffraction +250 pr IGFOV. Diffraction data were 
computed, based on an optical diameter of 16 inches with a 0.4- inch central 
obscuration. A wavelength of 11. 5p was used. 
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Figure 3-106. Visible Channel Modulation Transfer Function - 
Engineering Model 
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The spatial frequencies at which MTF values were measured are listed'^ 
.in Table 3-33 and are shown on Figures 3-106 and 3-107 as arrows perpeii-’ 
dicular to the abscissa. 


Table 3-33. Spatial Frequencies 


Visible Channel 
(cycle s /radian ) 

Thermal Channel 
(cycles / radian) 

510 

65.'4 

2550 

318 

5100 

628 

7640 

955 

10200 

1272 

12720 

1590 

17200 

2230 

25000 

3500 


Analysis of visible channel MTF and FOV data indicates an apparent 
image blur that is significantly larger than that measured on the Engineering 
Model optical system Class I acceptance tests. ' Engineering Model optical 
system tests are consistent with assuming an image of the order of 20 to 25 
|j.r in diameter with a cosine intensity distribution. In Class I acceptance 
tests, the measured image diameter containing 85% and 90% of the total 
energy was 20- and 30 pr, respectively. 

The VISSR Engineering Model fiber optics assembly has appreciable 
delamination effects in the fiber /epoxy/prism interface at the focal plane. 
Since this is the principal known difference between VISSR Engineering Model 
and the Protoflight optics and the Protoflight does .nOt exhibit anomalous image 
degradation, it is presumed that the delamination causes the image degrada- 
tion. 
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, Reference Mirror Alignment Measurements 

Objectives- - Alignment and measurement objectives are as specified 

in SBRC Procedure 19148. These objectives are: 

The distance from the fiducial lines reference point on primary 
alignment reference mirror PARM-1 to the YZ plane and the dis- 
tance from the fiducial lines reference point on primary alignment 
reference mirror PARM-2 to the XZ plane shall be measured and 
recorded with an accuracy of 0. 003 inch fparagraph 3. 2. 1 ). . . 

The angular alignment of PARM-1 and PARM-2 to the VISSA mount- 
ing plane (XY) shall be measured and recorded with an accuracy of 
0.001 radian (Paragraph 3.2.2). 

I , . , 

The scan mirror angle with respect. to VISSR optical axis shall be 
. ' positioned to 45° location (nearest step) and measured with an accu- 

racy of 10“^ radian (Paragraph 3. 2.3). 

The angular alignment of the -VISSR optical axis (including the scan 
mirror) to PARM-1 will be measured with an accuracy of 10“^ radian 
(Paragraph 3. 2. 4). 

The angular alignraent of the VISSR optical axis (excluding scan mir- 
ror) to two nominally orthogonal primary alignment reference mir- 
' - *rors (PARM-1 and PARM-2) will be measured with an accuracy of 
: : . 10"^ radian (Paragraph 3. 2. 5), 

The angular alignment of secondary alignment reference mirror 
SARM-2 to PARM-2 will be measured with an accuracy of 10"^ 
radian (Paragraph 3. 2. 6). 

Paragraph 3.2.1 Alignment Requirements . - The distance from the 
fiducial lines reference point on PARM-1 to the YZ plane is 0. 024 inch. The 
PARM-1 cross hair is 0. 024 inch on the -X axis side of the VISSR YZ plane. 

The corresponding distance of the PARM-2 alignment cross hair to the XZ 
plane is 0. 041 inch. The PARM-2 cross hair is 0. 041 inch on the -Y axis 
.side of the VISSR XZ plane. 

Paragraph 3. 2. 2 Alignment Requirements . - A difficulty became appar- 
ent in determining the angular alignment of PARM-1 and PARM-2 to the VISSR 
mounting surface. In the initial draft of SBRC Procedure 19148 it -was assumed 
that the VISSR mounting surface, a plane formed. by three mounting -.pads, 'vas 
parallel to the VISSR cart surface. In actual practice VISSR mounting pacs 
are seated on an intermediate Delrin mount. As a result, the mounting pads 
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are not necessarily parallel to the VISSR stainless steel r'.-ng. Ivleasurements 
• were rnade to reduce uncertainty in Engineering Model data, VISSR reference 
axes -are- illustrated in Figure 3-108. 



•, Figure3-108, VISSR Reference. Axes -■ ‘ ‘ 

' ' * ' f 

The exterior angle formed by PARM-1 {nominally perpendicular to they, 
Y axis) and the VISSR mounting plane^ defined as XY plane j is 89° 54, 8'.; - 

See Figure 3-109. ' ' ' • 


PARM-1 



Figure 3- 10.9. PARM-1 to Y Axis Alignment 
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The exterior angle formed by FARM- 2 (noniinally perpendicular to the 
X axis) and the VISSR mounting plane is 89® 59, 7'. See Figure 3-110. 

PARM-2 


89 ° 59 . 7 > 


+X 


X Axis 


-X 


Figure 3-110, PARM-2 to X Axis Alignment 

The measured angle formed by PARM-1 and the VISSR mounting plane 
exceeds fabrication tolej'ance of VISSR components. The measurement 
method necessitated by the Delrin intermediate mounts is believed to be 
causing the apparent discrepancy. Precision metal mounts will be substi- 
tuted for the Delrin intermediate mounts during Prototype Model measure - 
rnents, 

^ Alignment Requirements . - The scan mirror angle 
with respect to the VISSR optical axis is 45° (to the nearest encoder step) 
whfin the redundant encoder is positioned at step +23. Scan mirror rotation 
toward encoder step +22 by 1 9 prad would provide a true 4,5 angle with the 
VISSR optical axis. 

With the primary encoder positioned to step -79, the scan mirror angle 
is 45® (to the nearest encoder step) with respect to the VISSR optical axis. 
Scan mirror rotation by 11.5 grad toward encoder step -80 would provide a 
true 45° angle with the VISSR optical axis. 

Paragraph 3. 2.4 Alignment Requirements . - .^mgular alignment of the 
•VISSR optical axis (including scan mirror) to PARM-1 was measured to the 
redundant optical encoder. 'With the redundant encoder ‘set ro +23 and using 
1 uormal, the VISSR optical axis to PARM-1 nonmal has 'tv.'o angular 
components. In the VISSR YZ’ plane, the VISSR optical axis makes an angle 
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with the PARM-1 noririal of 0. 603 mrad with the VISSR optical axis pointing 
slightly toward the +Z axis. See Figure 3-1 11. In th.e VISSR' XY plane, '.the 
VISSR optical axis makes an angle with the PARM-1 normal of 0. 107 mrad 
with' the VISSR optical axis' pointing slightly toward the -X axis. See Figure 


3-1.1. . 


+ Z 



VISSR Optical Axis 
PARM-1 Normal 


Figure 3-111. Alignment of VISSR Optical Axis to PARM-1 in YZ Plane 


+X 



Figure 3-112, Alignment of VISSR Optical Axis to PARM-1 in XY' Plane 
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Paragraph 3. Z, 5 Alignment Requirements . - The angular alignment of 
VISSR optical axis {excluding scan mirror) to two nominally orthogonal pri- 
mary alignment reference mirrors was measured. 

The angle between PARM-1 normal and the VISSR optical axis in the 
YZ plane is 0. 656 mrad.. The corresponding angle between PARM-2 normal 
and VISSR optical axis in the XZ plane is 0. 456 mrad. See Figure? 5-113 and 
3 - 114 . ;- ■ - . ■ 


+Z 



‘Figure 3-113. Alignment of "VISSR Optical Axis (without Scan Mirror) 
. ' to PARM-i inVz Plane 


+ Z 



Figure 3-114. Alignment of VISSR Optical Axis (without Scan Mirror' 
to PARM-2 in XZ Plane 
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Paragraph- 3. 2. 6 Alignment Requirements . - The angular alignraent of 
the s'econdary alignment reference mirror (SARM-2) to PARM-2 was meas- 
ured.' Alignment in the XZ plane and XY plane ,is illustrated in Figures 3-115 
and 3-116, 

+ Z • 


PARM-2 
Normal- 
SARM-2 
Normal 

-Z 

Figure 3-115. Alignment of SARM-2 to PARM-2 in XZ Plane 
-Y 

i 

PARM-2 
Normal 

SARM-2 
Normal 

t 

+ Y. 

Figure 3-116. Alignment of SARM-2 to PARM-2 in XY Plane 
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Alignment Measurements After .Environmeraa.: Testing 

Check of optical alignment measurements was made t: e VISSREngi- 
• neering Model after environmental testing. The measurements were made 
April 5-7, 1972 . The coordinates used in summarizing the measurements 
,are shown in Figure 3-108. 

■Angular alignment of the VISSR optical axis (including scan r...rror to 
PARM- 1 was measured for both the primary and redundant optical encocLer. 
The primary encoder-was set to -79. Figure 3-117 and Figure 3-1 id illus- 
trate optical alignment before and after environmental testing for the primary 
encoder. 

+ Z 



Figure 3-117. Alignment of VISSR Optical Axis to PARM-1 in 
YZ Plane - Primary Encoder 


+ X 



Figure 3-118. Alignment of VISSR Optical Axis to PARM-1 in 
XY Plane - Pr unary Mirror 
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In like manner the redundant encoder was set to +23. Figures 3-119 
and 3-120 illustrate optical alignment before and after environmental testing 
for the redundant encoder. 


+ Z 



Figure 3-119. Alignment of VISSR Optical Axis tc FARjVI- 1 in 
, YZ Plane - Redundant Encoder 


+X 



Figure 3-120. Alignmez-.c of VISSR Optical Axis to PARM-1 ir 
XY Plane - Redundant Encoder 
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The alignment of VISSR optical axis via scan mirror coriipared to the 
optical axis excluding the scan mirror is illustrated in Figure 3-121. Pri- 
mary encoder set at -79 was used. 


> 4.Z' ' 



0. 02 mr (11-20-71) 

O. A. without Scan 



0. 62 mr (4-5-72) 


Figure 3-121, Alignment of VISSR Optical Axis With and Without 
Scan Mirror - Primary Encoder -79 


The alignment of the VISSR optical axis, with scan mirror, compared 
to the optical axis excluding the scan mirror is illustrated in Figure 3-122. 
Redundant encoder set at +23 was used. 



Figure 3-122. Alignment of VISSR Optical Axis With and Without 
Scan Mirror - Redundant Encoder +23 / 
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The optical alignment of thermal channel No. 1 with respect to VISSR 
optical axis (illuminated fibers). was measured and the resxilts are graphically 
illustrated in Figures 3-123 and 3-124. 


+ Z 




TC No. 1 
-£> VISSR O. A. 
-£>TC No. .1 

0, 06'5 mr (11-1,2-71) 


Figure 3-123. Optical Alignment of Thermal Channel No. 1 
(TC No. 1) to VISSR Optical Axis - 
North- South Direction 



-X 


0. 87 mr (11-12-71) 



TC No. . 1 
TC No. 1 
VISSR O. A. 


0. 64 mr (4-7-72) 


Figure 3-124. Optical Alignment. of Thermal Channel No. 1 
• (TC No. .1) to VISSR Optical A.xis - 
East-West Direction 
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The preceding optical alignment measurements indicate the following: 

' 1. The alignment of the two scan mirror encoders with respect to the . 

scan mirror changed by varying amounts. 

a. ■ RDN - Scan Mirror +0, 44 mr 

b. PRl - Scan Mirror -0. 64 mr 

2. The optical telescope- (excluding scan mirror effects) and/or fibers 

with respect to primary alignment reference mirror (PARM-1) 

, ■ changed by -0. 21 mr in the YZ plane, . 

3. Alignment of the thermal channel to visible channels changed by ■ 

a. +0. 16 mr in the YZ plane • 

b. -0. 2 3 mr in the XY plane 

Probable mechanisms associated with alignment shifts are discussed • 

C 

as follows: 

The encoder might move on its mounting bolt circle. Linear motions 
of 0. 0011 to 0. 0016 inch are required to account for the noted angular align-' 
ment changes. The encoders are not pinned and motion of this magnitude 
appears possible. ' ‘ . 

The telescope optical axis alignment change of 0.,21-mr could be caused- 
by secondary mirror tilt ass'ociated with linear shifts of less than O. 001 inch. 

The thermal to visible channel alignment change of 0. 2 mr appears too 
large to be associated with fiber motion which would require a linear motion 
.of 0. 023 inch. It seems unlikely that the effect is associated with radiation 
cooler since it was not vibrated, etc. However, a lateral shift in the thermal 
channel relay, lenses could account for the alignment change. An alignment 
change of 0.2 3 mr is equivalent to a lateral .motion of the relay lens of 0. 004 
inch. Relay lens assembly will be modified on thp protofiight model to mini- 
mize the possible relay lens motion. 

The simplified block diagram for equipment setup for alignment meas- 
urements is shown in Figure 3-125, 
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Figure 3-125.. Refer.ence Mir-ror Aligninent Measurement Equipment Setup' 
Simplified Block Diagram 

Scattering Light Measurements - Laser Source 

■During the initial VISSR engineering model -solar calibration tests, the 
■direct sun signal had very long skirts, and indeed, at times extended to the 
solar inflight calibrator signal. The pro.’bable cause of the skirts seemed to 
'be scattering 'within the earth's atmosphere and thus not related to VISSR. 

'■ However, to verify this, an experiment was conducted in the laboratory 
with a‘ small portion of the VISSR entrance’ aperture being irradiated with a 
•laser beam. -The laser was modulated with the Brower chopper at a frequency 
of 260 Hz, The signal from VISSR PMT preamplifier channel No. 1 was fed 
into the Princeton Applied Research HRS lock-in voltmeter. A reference sig- 
nal from the Brower chopper was also used. A neutral density filter attenu- 
ated the laser .beam when it was focused directly on or near the VISSR IFOV. • 
■With the above experimental setup, the dynamic range was 5X10^. Noise 
corresponded to a relative signal level of 1. 5 and was actually 1. 5 pv. 

Figure 3-126 illustrates the signal: fall off with angle.. It is 'p'l'otced as a 
function of scan mirror steps, where, a step is equal _tO’ 0, 192 mr. 
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The graph sho\ys that the solar calibration skirts are not due 'to VISSR. 
As indicated earlier^ the probable cause is atmospheric scattering. 

It should be noted that the above data do not eliminate the desirability 
of conducting additional scattering tests on. the VISSR. Since the above meas- 
urements 'were -made using a very small portion of the VISSR entrance aper- 
ture, they do not preclude spurious signals of solar origin. 

Solar Inflight. Cal ibrator Spurious Radiation 

During the initial solar inflight calibrator calibration, a spurious signal , 
was noted midway between the "direct" signal and the calibrator signal. Sub- 
sequent laboratory investigation using laser techniques identified the problem. 
Figure 3-1Z7 illustrates the desired and spurious energy paths in P/N 46020 
prism. 



Figure '3-127. 'Desired and Spurious Energy Paths in P/X 46020 Prism 
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■ The spurious energy was blocked by painting the indicated surface with 
Cat-A-Lac black paint (see Figure 3-127) in the region indicated by dashed 
line. . 

Ahothe? spurious energy path was'noted during this inve’stigation. 

Energy reflected from the Dove prism bas^- dong sivle. was transmuted oy 
the central aperture- on Part Xo. 46020. This spurious energy path '^as 
nearly coincident angularly with the desired calibration energy transmitted 
by the Dove prisms. 

Due to the angular subtense of the sun, the spurious signal would add 
to the desired calibratioil signal. Furthermore, the signal due to spurious 
energy would vary with the time of year. -This is caused by the change of 
surface reflection with incidence angle. The average reflectance varies be- 
tween 7 and 2 7%. The calibration signal would have then varied by 18%, 

This effect was eliminated by placing thin metal baffles in close prox- 
imity to both of the Dove prism bases. Both modifications 'vere made on the 
engineering model solar inflight calibrator assembly. 

Anomalous Focus Shift 

During the engineering model thermal vacuum testing, anomalous focus 
changes were observed for both the visible and thermal channels. This sec- 
tion summarizes the analysis completed in an effort to understand these effects. 

Table 3-34 .is a tabulation of optimum fooal position as a function of tem- 
perature and calibration sequence and is based on a computer modeling tran- 
sition time of: 

<6 hours - has severe thermal gradients 
^24 hours - has small thermal gradients 
^48 hours - is a stabilized system 

-Refer to VISSR Project Memo 2640-0078, dated 11 July 1972, entitled "Thermal 
Settling Time in an Environmental Test Chamber. " 
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Table 3-34. .Tabulation of Focal Position as a Function 
of Temperature 


Preliminary Calibration Sequence 


Chamber 
T emperatur e 
(°C) 

23 

1 

i = 

— 

■ 

45 

1 

1 

5 


25 

T ransition* 
•Time 
(Hrs) 


4 


i 

5J ■ " 


42 


1 , 

Focus Step 










Vis ible 

220 


152 


273 


194 


245 ' 

. Thermal 

357 


380 






•347 

. 

1 

J 

rinal 

Calibration Sequence 





|H| 

■ 

45 


25 
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^•Transition time = time bet'ween starting a temperature change 

making measurements. 


The relationship bet-ween defocusing^ AF, and temperature for a t-wo- 
mirror system is: 

AF = M^fpOpATp - M2Sp_saSp.g^TSp_3 

+ (M-D^fgttgATs - S3_fO:s^_^ATs^_£ (5-64) 


where 


AF = focal plane shift 

M = system magnification 

fp = primary mirror focal length 

fg = secondary mirror focal length 

Sp_s = Spacing - primary to secondary r-t.tror 
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The saran (12, 6[x) film is equivalent to the mylar (6, 4p.) film in trans- 
mittance and has appreciably less scattering. In addition, it.- strength and 
m'ounting characteristics are equal or superior to the mylar lilm. 

Based on the above data, saran film, 12. 7^ thick; vlll be usea as a 
cover for VISSR protective cover. . - 

The effect of the plastic protective cover on the engineering model 
modulation was measured. The results are shown in Figure -14'' 

The 0. 55 to 0, 75[.. transmittance of the cover as measursd during \ IS.^'-R 
engineering model tests differs appreciably from laboratory pectrophotom.e - 
^er measurements. The transmittance values are 0. 66 and 0. S •, specrively. 
fof this discrepancy is not known at this time. 




Figure 3-146. Engineering Model Modulation "Modification upon Insertion 
of Plastic Protective Cover • . ■ 
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Sg_;f = Spacing - secondary to focal plane 
O; ■ = thermal expansion coefficient 

AT = temperature change 

The equivalent expression for the VISSR relay lens system is 


'^^relay ' i •-^Ti^Ti'^-^ Ti ^cre s^cres“ - c 


res - 




-) 

£r/ 


£r<^r 


% 


OT7 


ATr 


77- 1/ St 

^Be*^Be^'^Be (^®^”^)rad cooler 


f' r — 

-OD ; 


The above equation assumes that the VISSR relay lens s\stemi Is re- 
placed by an equivalent thin lens, where . 

' dj^ = image distance 

d^ = object distance 

fR - focal length- of relay lens 
S = spacing (length) 

T) = refractive index of germanium 

Subscripts for ”S" refer to the controlling structural material. 


The relationship between VISSR telescope change of focus, — ^telesc«^../e’ 
to VISSR relay system image plane, AFj-eia.y-’ 

^Frelay = ^R^ ^^teie scope 

'^^relay ~ ^^telescope (3-66) 

The VISSR and VISSR calibrator material models are illustrated in 
Figures 3-128 and 3-129, respectively. 

The required values for equations (3-64) and (3-65) are listed below: 


VISSR Telescope . - 

M = -3. 117: fp = 36. 8 in. ; fg = -13. 7 in. ; Sp_g = 27. 5 in. ; 
Sg_f = 27.5in.; Sg_f-29.0; in. /in./° C 
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Prime 



Figure 3-128. VISSR Material Model 



Figure 3-12 9. VISSR Calibrator Materia.1 !\l.jdel 
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VISSR Relay System . - 

di = 0. 846 in. ; do = 4. 71 in. ; Sxi =2.2 in. ; Seres = 2. 51 in. ; 
fR = 0. 718 in. : rj = 4. 0; 1^ = 300X 10-6/°C; Src = 3. 55 in. ; 

^rad cooler ~ > ^Ti “ 10"^ in./in./°C; 

acres = 16 X 10-6 in./in./°C; Or = 6 . 0 X 1 Q -6 in./in./°C; 

^rad cooler " composite of A1 and glass 

VISSR Calibrator . - - . 

M= = -3. 91;’ fp.= 43. 4 in. ; fg = -15. 12 in. ; Sp_g = 32. 15 in. ; 

Ss_f = 43. 992 in', 

ProSeal Bonds . - 

0.125-in. primary mirror, 0.015-in. secondary mirror 

. . * ' . 

ttp = tts = ±0. 1 X 10-6 in./in./°C; GSp.g = 1- 3 X lQ -6 in,/in./°C 
• • ' ®^Sg_f a composite; Otpj-QSgg^j^ = I.SXIO-"^ in./in./°C 

. The following relationships are useful in xinder standing the focusing 
effects. 

1, VISSR calibrator serving as a radiant energy source 

AF Beam condition at calibrator exit aperture 
Pqs;. Diverging ' 

0 Plane ’ ' 

Neg. Converging . ' • ' 

2, VISSR telescope with a plane wavefront incident on entrance aper- 
ture 

AF -Image plane ■ Visible fo'cus- drive used to focus 

counter, N-y changes 

Pos. BFL increases Ny decreases 

Neg. BFL decreases Ny increases 

3, With a "point source" radiating toward thermal channel relay' 

lenses - ' . ' ' 

AF Image plane Thermal focus drive used to focus' 

counter. Nr changes 

Pos. BFL. (or do) increases ' Nr increases 
Neg. BFL {or do) decreases Nr de'ereases 
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The above is graphically illustrated in Figure 3-130, 
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Equation (3-64) can be considered in terms of partial derivatives, such 
as, where ^ • 


ST 


SFp • • 


■ (3-67) 


Table 3-35 lists VISSR telescope partial derivatives. 


Table 3-35. VISSR Telescope Partial Derivatives . 


Element 

SF /inch\ 

6T V°C / 

A 

ST 

Primary Mirror 

0, 00403 

358 Attp 

Primary-Secondary Spacer 

-0. 0030 

-267 Aasp-s 

Secondary Mirror 

-0. 00069 

-61 AC3 

Secondary' to Focal Plane 

-0. 00033 

-29 AGSs_f 


- The se’cond partial derivatives of F with respect to T and Q are used to 
obtain column 3 of Table 3-35. ■ • • 

Table 3-36 gives equivalent values for the VISSR calibrator. 


Table 3-36. VISSR Calibrator Partial Derivatives 


Element 


- SF ■ 

A T— 

oT ; . 

Primary Mirror 

±0. 000066 

±660 ACtp 

Primary Secondary Spacer 

-0. 000689 

-530 Aasp_3 

Secondary Mirror 

±0, 000013 

±130 AO's 

Secondary to Focal Plane Spacer 

-0. 000134 

Composite . 

ProSeal Mounting Pads 

-1-0. 000386 

2. 15 AOiproSeal 


Using the preceding values for the calibrator and using Odp = -0. 1X10“^ 
in./in./°C . ‘ 

AFcal = -66X 10-6 _ 689X 10-6 ^ + 13X iQ-6 aTs 

. -134X 10-6 ATs^__^+ 386X 10-6 ATproSeal •- {3_68) 
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Figure 3-130. 


Graphic Illustrations of Focusing Fffecls 
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and if a calibrator with' no temperature gradients is assumec, 

AFcai ^ -490X 10"° AT 

♦ 

•The equivalent change at VISSR focal plane is 


(3-69) 


AF.. - 


/ EFLyissp^ 

\ EFL^al y 


^Ecal 


.(3-T 


• AF 


V 


AT(-a.l 

VISSR telescope, AF^, is given by 


- 0. 457 AFcal = -224.X10"^ in./°C 


AF^ = 4030X 10-6 - 3000X 10-6 _ 6% ATq 


p-s 


- 330X 10-6 aTs 


s-f 


fS-Tl ! 


Of course, if VISSR teie-s cope has no thermal gradients,’' AF,^, = 0 per equa- 
■ tion (3-71). ■ • ; ■ • 

Substitution of values into equation (3-65) for thermal ‘relay 

AFr = -0. 62X 10-6 ATxi - 1. 3X10-6 AT( 


cr es 


■ 93.6X10-° ATr - 40X10-6 ATBe 


(3-72) 


The term involving the radiation cooler is deleted since the detector stage is 
fairly well decoupled from VISSR ambient temperature. -If we assurne no 
- thermal gradients for other terms, we have: 


AFr = -136X 10-6 ATrelay 


(3-73) 


The experimental data shown in Table 3 -34 'can be used to obtain experi- 
mental values of dF/dT, where 


dF 

dT 


dN dF 
dT dN. 


(3-74 


(d'F/dN).y = -0.00046 in. /step ’ visible channel 
(dF/dN)j = 0. 00025 in. /step thermal channel 
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For the VISSR visible channel 


dT 


average 


= -1040X10"^ ± 0. 0 0023 in./°C 


where data, used for averaging was limited to transition times in excess of 
40 hours. The tolerance is equivalent to an uncertainty of n:..0 steps for op- 
timum focus. 


Predicted 


dFv 

dT 


is based on an isoteniperature calibrator^ VISbP with 


a 1°C temperature gradient between p-rimary mirror and' spacer, Sp_g (de- 
veloped over a 20''C VISSR temperature change), and 5% difference in the 
VISSR beryllium housing with respect to VISSR mirrors. 


^ /dFv\ /d£v\ / <3Fy \ ■ . 

‘ ^ " Li WT A .'c V V, • 

= -i24X10"^ - 500X 10“^ - 150X10"^ 

= -874X 10'^ in./°C (3-75i 


In addition. Invar 36 has a ±15% thermal expansion coefficient spreai 
from the nominal value used. The ProSeal band line is assumed to '“track" 
the temperature of the Invar spacers Sp_-g. It seems likely that the calibrator 
CerVit mirrors will have a thermal time constant considerably greater than 
any other item in the calibrator -VISSR configuration. Although mirror con- 
tributions are small due to very low expansion coefficient, the ProSeal is in 

intimate contact with these elements and will more likely track their tetriper- 

• dF . . , , 

. ature. Its contribution to "Tcr is appreciable, 

dl 

' Within experimental accuracy and knowledge of specific elements, the 
"temperature-focusing anomalies" for the engineering model visible channel 
are explicable using the above first order equation analysis. 

Greater uncertainty exists in the thermal channel temperature focusing 
effect. First, ’very little thermal channel data is available. Secona, the 
available data is questionable due to thermal gradients. 
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Final calibration sequence data. Table 3-34, is used to obtain 
. 329 - 370 


dT 


45 


0. 00025 = -0. 00051 in./*‘C 


The engineering' model thermal channel sensitivity was low. Due to 
low SNR, optimum focus has an uncertainty of ±10 steps. Thus 

dFj 


dT 


-0. 00051 ± 0. 00025 in./ C 


This "value can be separated into two components. One is due to VISSR cali- 
brator-VISSR telescope effects and the second is due to VISSR relay system. 
Mathematically, . this is expressed by 

dF q" 


dT 


= (0. 032) 


dFv dF 


R 


dT 


dT 


(3-76) 


Solving for dFj^/dT, we have 

dFj^ dF'j' 


and 


dT 


dT 


= -0. 00051 - 


dT 


-0, 032 


dF 


V 


:0. 032) 


dT 

266 13 0 

45 - 5 


^ (-0.0004-6) 


= -0. 00051. + 0. 000047 
= -0, 00046 in./°C 


Based on equation (3-73) 

£Fr 

dT 


= -0. 00014 in./°C 


The above equations do not explain the thermal channel temperature 
focusing effects. Due to the scarcity of data and basic uncertainty associated 
with the available data, efforts toward resolution of the discrepancy are to 
be continued with the protoflight unit. 
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Field-o£-View (FOV) Measurements 

’ FOV measurements were made for visible channels in accordance with 
SBRC Procedure 19181 with the following exceptions. 

Although the SBRC collimator had been modified prior to proroflight 
FOV tests to produce a significantly more stable platform than used earlier 
(engineering model measurements), a basic instability was observed between 
the. coll imato^- and attached scanner and VISSR cart. During the course of 
the measurements, the protoflight VISSR and VISSR cart were observed to 
drift with respect to the collimator. The total. drift during north-south run 1 
amounted to an angular displacement of 3. 5 pr. The corresponding total drift 
for north-south run 2 was 21 pr. For the east -west scans, the total drift for 
run 1 corresponded to an angular displacement of 8. pr, and for east -west run 2 
the total was 3 pr. In all cases, the movement was monitored continuously 
using a pointing interferometer and also by a repeated check on the output of - 
one of the VISSR channels (Channel 1). All reduced FOV data have been cor- 
rected for drift. The basic instability between the collimator and cart pre- 
cluded exhaustive studies of other potential instability (paragraph 3. 5.9, ' ■ 

Procedure 19181). . ‘ ' 

In addition to instability in the collimator -cart system, the digital volt- 
meter .used for reading VISSR channel voltage outputs had a zero offset which 
could not be removed by simple adjustment. Correction for- offset was made 
during data reduction by subtraction of offset from- channel output voltage 
readings. . • 

Graphic and tabular data for protoflight model FOV tests are contained 
iri Part 1, Appendix C. Tables 3-37 through 3-40 summarize data pertinent 
to, the FOV measurements. The peak signal value has noise removed and a 
voltage offset of 1. 41 mv has been subtracted from rhe noise values. 

For comparison purposes, a ’theoretical FOV :u-rve calculated from 
Protoflight Class ! Energy Spread Function (ESF) measurements is plottea 
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Table 3-37. FOV Data, North-South Scan, Run 1 


Channel 

Peak 
Signal . 
(mv) 


Half- Width 
• (M-r) 

Channel 

Center 

(ixr) 

— 

Channel Separation 
(Adjacent Channels) 
(H-r) 

1 

686 

0. 06 

19. 0 

-84. 6 


. 2 

676 

0. 06 

• 20.6 

. -60.0 

24. 4 

3 

698 

0. 06 

20. 3 

-34. 1 

24. 6 

4 

689 

0. 06 

22. 1 

‘ -9. 3 

2 5. 

• ■- 5' ■ 

‘511- 

0. 07 

22. 6 

+ 18. ,1 

27. 4 

6 

•58i 

0. 07 

20. 1 

+42. 7 

24. 6 

7 

691 ’ 

0. 07 

20. 9 

+ 67. 0 

24. 3 -I 

j 

8 

615 ■ 

0. 07 

20. 0 

+ 91. 2 

24. 2 


Table 3-38. FOV Data, North-South Scan, Run 2 


Channel 

Peak 

Signal 

(mv) 

Noise 

■(mv) 

Half -Width 
(pr) 

Channel 

Center 

(pr) 

Channel Separation 
(Adjacent Channels) 

(pr) • • .j 

' 1 

1 

685 

0. 12 

21.0 

-87, 3 

2 . 1 '.1 ■ : 

2 

675 

0. 11 

20. 0 , 

-59. 6 

I 

25. 1 . 

3 

707 

0. 12 

21. 0 

-33. 5 

• 24. 5 

4 

689 

0. 12 

21.0 

-9‘. 0 

27. 0 

5 

519 

0. 12 

2Z.7 

+ 18. 0 

' 24. 1 

6 

586 

0..12 

21.5 

+43. 9 


706 




• 23, 9 

7 

0. 12 

20. 3 

+ 67. 8 


-• 8 

625 • 

0. 13 

20. 6 

•+91.8 

24. 0 
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Table 3-39. r'O.V Data, East-West Scar., D. . i 


Channel 

Peak 

Signal 

(mv) 

1 

Noise 

(mv) 

Half-Width 

(fJ-r) 

1 

Channel | 
Center 

(P-r) I 

Channel Separation ( 
{Adjacent Channels} | 
(liD j 

1 

389 

o 

o 

22. 0 

+ 1. 75 


2 

377 

0. 02 

22. 0 

-i.'45 

0. 20 

3- 

■306 

0. 02 

22, 0 • 

+ 1. 25 

O’) 

4 

116 

0. 02 

22. 0 

-0, 75 

0. 50 

5 

176 

0. 02 

23. 0 

+0. 75 

0. 30 

6 

292 

0. 03 

22. 3 

+0. 45 

0, 20 

7 

357 

0. 03 

22. 3 

+0. 25 

■ 

0.20 ■ • 

8 

334 . 

0. 03 

. 22. 0 

+ 0. 05 

4 


Table 3-40. EOV Data, East-West Scan, Run 2 


Channel 

P.eak 

Signal 

(mv) 

Noise 

(mv) 

Half -Width 
(pr) 

Channel 
Center ' 
(}tr) 

•Channel Separation 
-{Adjacent Channels) 
fpr) 

1 

388 

0. 03 

24, 0 

+0. 48 

o 

o 

o 

2 

371 

0. 02 

23. 5 

+0. 4'8 

( 

0. 30 - ' .! 

3 

209 

0. 02 

24. 3 

+0. 78 

7 1 

• 1. 00 ■ . j 

4 

217 

0. 03 

24. 5 

-0, 23 

0. 45 ' 

5 

181 

0. 03 

24. 1 

+0.23 

0.25 - : 

6 

313 • 

0. 02 

24. 0 

-0.02. 

j 

1. 00 

7 

354 

0. 03 

24. 3 

1 -1.02 

i 

•0. QC 

8 

355 

0. 03 

24. 0 ■ 

— — 

1 -1-02 

' 
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/ 

in Figure 3- 1 31 with the data plot for protoflight FOV east -west, Channel 
run 2. 


Experimental setup used for FOV measurements is depicted in Figure 

3-101. 



Relative Spectral Response 

Relative spectral response (RSR) measurements were made for the 
VISSR/SMS protoflight model scanner visible channels in accordance with 
SBRC Procedure 19147. A Perkin -Elmer,M6’del loU spectrophotometer 
(filter-grating monochromator) was used in -conjanction with the SBRC colli- 
mator for these tests. Character istlc parameter^ associated with the spec- 
trophotometer are the same as those listed lor engineering model measure- 
ments. Calculations were performed via computer using the same ecuatio. 
as for engineering model data. As the digital voltmeter used for reading ' 
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VISSR channel voltage outputs had a zero offset which could not oe removed 
by simple adjustment, a correction was made during data reduction. 

An apparent discontinuity for all RSR curves occurs, at O. 'Sp wavelength. 
This coincides with a point at which order filters were changed in the spectro- 
photometer and is not considered to be due to a defect in the VISSR optics. 

■ ■ Graphic and tabular' data for protoflight RSR tests are contained in 

'Part 2, Appendix C. ' . ' 

The experimental setup used for RSR measurements is depicted, in 
Figure 3-102. • . 

Modulation Transfer Function Measurements’ 

• .The modiilation transfe'r function (MTF) was measured for visible 
'channels und^r ambient laboratory conditions. Measurements were made 
in two orthogonal directions corresponding to the east- west and north-south 
directions. Equipment and procedures used are those defined in SBRC Pro- 
cedure 19146. 

MTF data were recorded in the form of photographs of the oscilloscope 
traces for the eight visible channels. A sample of the reduced data. is* given 
in Figure 3-132 which illustrates modulation versus spatial frequency. . Three 
computed curves (same as used for engineering model data) are included in 
the figure for purposes of comparison. " 

Reference Mirror Alignment Measurements . . 

Reference mirror alignment measurements were made for the VISSR/ 
SMS protoflight model scanner in accordance with'SBRC Procedure. 19148 
with the following exceptions. 

The depth-of-f leld of the alignment microscope as focused on the ; 
PARM- 1 reference mirror resulted in an uncertainty in the Z-axis best-focus 
position measurement which made it difficult to repeat redundant encoder ’ 

readings to primary encoder readings as required by paragraph 3. 6. 7 of the 
, procedure. The difficulty was compounded -by imperfect tracking of the X-Y 
micrometer microscope stage which produced a variation of the X-position 


■SANTA BARBARA RESEARCH CENTER' 


3-228 






'SBRCi 

readings with Z-axis movement. ■ To alleviate this ancertainty, the alternate 
method was adopted of 'resetting the Z-axis stage to a s.ngle best-focus posi- 
tion determined b'y repetition of the Z-axis micrometer reading rather than 
operator judgment as to repetition of visual best focus. This deviation in 
method was likewise adopted for measurements called for b'y paragraphs 
3. 7. 1 , 3. 8. 1 , 3. 9. 4, and 3. 9. 5 of the procedure. A moc.ilcat:on to the 
microscope 3-axis stage has solved the problem, with Z-axis tracking,-. 

The following measurement results were obtained after the modification 
to the 3-axis stage and using the alternate method of achieving best focus as 
described above. Measurement objectives are the same as those described 
for the engineering model. 

Paragraph 3. 2, 1 Alignment Requirements. - The distance from the 
fiducial lines reference point on PARM-l to the Y-Z plane is 0. 000 inch. -The 
PARM-1 cross hair lies in the VISSR Y-Z plane. The corresponding distance 
of the PARM-2 alignment cross hair to the X-Z plane is 0. 008 inch. The 
PARM-2 cross hair is 0. 008 inch on the -Y axis side of the VISSR X-Z plane. 
VISSR reference axes are illustrated in Figure 3-108, 

The exterior angle formed by PARM-1 (nominally perpendicular to the . 
Y axis) and the VISSR mounting plane, defined as X-Y plane,,, is 89°55.-3'. ' ■ 

See Figure 3-133. ' . . • ' •- . 


PARM-1 



The exterior ,angle formed by PARM-'2 (nominall-y perpendicular to the 
X-axis) and the VISSR motmting plane is 89°44, 8'. See Fig'are 3-134. 
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Paragraph 3. 2. 3 Alignment Requirements . - The scan mirror angle 
with respect to the VISSR optical axis is 45*^ (to the nearest encdder step) 
when the redundant encoder is positioned at step +32. Scan mirror rotation 
toward encoder step +31 by 5 3 pr would provide a true 45“ angle with the 
VISSR optical axis. 


"With the primary encoder positioned to step -60, the scan mirror angle 
is 45° (to the nearest encoder step) with respect, to the VISSR optical axis. 
Scan mirror rotation by 31 pr toward encoder step -59 w6uld provide a true 
45° angle with the VISSR optical axis.' 

Paragraph 3. 2. 4 Alignment Requirements . - Angular alignment of thV 
VISSR optical axis (including scan mirror) to PARM- 1 was measured to the 
primary optical encoder. With the primary encoder set to -5 9 and using' 
PARM-1 normal, the VISSR optical axis to PARM-1 normal has two angular ; 
components. In the VISSR Y -Z plane, the VISSR optical axis makes an angle 
with the PARM-1 normal of 0. 031 mr with the VISSR optical axis pointing 
slightly toward the -Z axis. See Figure 3-135. In the VISSR X-Y plane, the 
VISSR optical axis makes an angle with the PARM-1 normal of 0. 029 mr with 
the VISSR optical axis pointing slightly toward the +X axis. See Figure 3-136 
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+z 



-X • ■ . • • 

Figure 3-136. Alignment of VISSR Optical Axis to PARM-1 in XY Plane 


- SBRC ] 

Paragraph 3. 2. 5 Alignment R( 5 qulrements . - The' angular aligirmen.-o 

* * . . 

. -VISSR optical eixis (excluding scan mirror) to two nominally orl,hogonal pri- 
mary alignment reference mirrors was measured: 

The angle between PARM-1 normal and the VISSR optical axis in the 
Y-Z plane is 0.381 mr. The corresppnding angle between PAR\f-2 normal 
and VISSR optical axis in' the X-Z plane is 4.87 mr. See Tigures 
-3-138. ■ ■ 



Figure 3-137. Alignment of VISSR Optical Axis (without Scan Mirror ) 
to PARM-1 in Y-Z Plane 



Figure 3-138. Alignment of VISSR. Optical Axis (w'ithout Scan \l.fror! 
• to P ARM-2 in X-Z Plane 
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Paragraph 3. 2. 6 Alignment Requirer-.entg . - The ar.iu:ar ai.jnment of 
the secondary alignment reference mirror (SARM-2) to pAR'vl-Z was meas- 
ured. Alignment in the XZ plane and XY plane is illustrated in Pigares 3-139 
and 3- 140, 


+ Z 



PARM-2 

'Xormal 

SARM-2 

Normal 


• Figure 3-139. Alignment of SARM-2 to PARM-2 in XZ Plane 


-Y 

PARM-2 
Normal 

SARM-2- 
•Normal 

+Y 

Figure 3- 140. Alignment of SARM-2 to PARM-2 in XY Plane 


-f-X 


• -X 
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Protective Plastic Cover for VISSR 

The VISSR must be protected from various forms of contamination. 

One of the methods being evaluated is the use of a thin plastic film across 
the VISSR "entrance aperture. " Such a cover ’used in conjunction with a dry 
nitrogen purg>e 'should reduce contaminants in the vicinity of scan rr.irror, 
telescope and aft optics assem'blies. 

Any pladtic film being considered should be evaluated from the follow- 
ing aspects: 

1. Absorption 

2. Scattering 

3. Mechanical strength 

4. Mounting characteristics 

5. Image degradation - uniformity 

A preliminary survey indicated saran and mylar films were potential 
candidates for the cover. Mylar films, 6. 4 and 12. 7jj. thick, and saran 
film, 12. 7|jl thick, were measured. Figures 3-141 and 3-142 illustrate 
transmittance of mylar films in the 'VISSR visible and infrared channels,, 
respectively. Figures 3-143 and 3-144 are the equivalent transmittance 
data for saran plastic film. . . 

Because of SBRC scattering, goniometer configuration limitations 
single-pass scattering in transmission could not be measured. Figure 3-145 
schematiic illustrates the two types of scattering measurement made. 

■ Experimental arrangement (shown in A of Figure 3-145) measures film 

scattering in reflection. The arrangement shown in B of Figure 3-145 meas- 
ures film scattering in reflection and transmission as modified by the mirror 
The total scattering, S(total), for the B arrangement can be expressed by 

S(total) = + Pm^T^ + STp - PM^Sr^ + Sm 


where 


Sr^ =■ film, scattering in reflection (first pass) 

= film scattering in transmission (first, pass) 
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Figure 3-1 tt 2. Spectral Transmittance of Mylar (0. .00025 inch) 
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; SBRC ; 




Figure 3-144. Spectral Transmittance of Saran (0. 0005 inch) 
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Plastic Film 


5BRC 


r 




A. Reflection Mode 

Figure 3-145. Plastic Film Measurement Setup 


= film scattering in transmission (second pass - after energ’^ is 
•reflected off mirror) 

' = film scattering in reflection .(second pass) 

Pm - specular reflection of mirror 

Sm “ mirror scattering ' , _ 

Quantities S(total)j PMi Sm. s-I"® experimentally determined.. It-'is 

•assumed that S-j-^ = ThereforCj is given by ' . 

S(total) - Sm - (1 + Pm^^^Rj ‘ ' • 

= (1 + Pm) ^ • ■ ■ 

I * 

The lZ.7p saran film has hemisplierical scatter, S,j. ^ (saran), equal 

_ 2. 47 - Q. 01 - (1 +• 0. 80^)0. 72 ' 

■ ■■ [1 + 0. 80) 

= 0.71%' 

The equivalent 6. 4p mylar film hemispherical scatter, S-j-^^ (mylar) 


to 


IS- 


S.j-^ (saran) 


■ , 6. 22 - 0. 01 - (1 + 0. 80^)1. 21 
Sxj(myUr) = (1 + 0.80) 

= 2.4% 
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